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All values shown in this catalogue are subject to change for prod- 
uct improvement. 
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for any infringements of patents or other rights belonging to third 
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M@iSeries MELPS 740 single-chip microcomputers 


Electrical characteristics 
Circuit function and organization Structure Package Page 


M50708-XXXSP/FP * eta aaa ROM, 128-Byte RAM, c,si |5+10%| 15 64P4B/72P6 


; 
M50740A-XXXSP/FP x| 3K-Byte Mask-Prog. ROM, 96-Byte RAM 5+10%| 15 | 2 | 4 | 52P4B/50P6 | Note1 | 
M50740ASP «| External ROM Type, 96-Byte RAM 5+10% | 15 52P4B 
M50741-XXXSP/FP »*| 4K-Byte Mask-Prog. ROM, 96-Byte RAM Cc, Si [5+10%| 15 | 2 | 4 | 52P4B/50P6 


Type 











M50742-XXXSP/FP pia ea ROM, 128-Byte RAM, 0,81 | 510% 15 | 2 | 4 | 64ap4B/72P6 | Notet 


M50743-XXXSP/FP_ | 4K-Byte Mask-Prog. ROM, 128-Byte RAM 5+10% | 30 | 1 | 8 | 64P4B/72P6 | Notet 
M50744-XXXSP/FP »| 4K-Byte Mask-Prog. ROM, 144-ByteRAM —————s|,_—«C, Si_ | 510% 2 | 4 | 64P4B/72P6 | Note1 
M50745-XXXSP/FP | 6K-Byte Mask-Prog. ROM, 192-ByteRAM |G, Si_|5+10%| 15 | 2 | 4 | 64P4B/60P6 
M50746-XXXSP/FP_*| 6K-Byte Mask-Prog. ROM, 144-ByteRAM |G, St_ | 510% 64P4B/72P6 





M50747-XXXSP/FP_ x] 8K-Byte Mask-Prog. ROM, 256-Byte RAM 5+10% | 30 | 1 | 8 | 64P4B/72P6 
M50747H-XXXSP/FP | 8K-Byte Mask-Prog. ROM, 256-Byte RAM 5+5% | 45 |0.67| 12 | 64P4B/72P6 


,.| 4K-Byte Mask-Prog. ROM, 128-Byte RAM, +100 
M50752-XXXSP_ * High Voltage Port, CR Oscillation Type C, Si | 54#10% | 15 2 4 | 52P4B Note1 


6K-Byte Mask-Prog. ROM, 96-Byte RAM, 





N 


M50753-XXXSP/FP | 3 5+ aD Converter C, Si |5+10% 64P4B/60P6 


M50754-XXXSP/FP/GP 


6K-Byte Mask-Prog. ROM, 160-Byte RAM, 
PWM, High Voitage Port, Serial I/O 


~ 
3K-Byte Mask-Prog. ROM, 96-Byte RAM, i | 510% 


64P4B/72P6/ 
High Voltage Port, CR Oscillation Type 9 seailaas nelet 
3K-Byte Mask-Prog ROM, 96-Byte RAM, c. si* | 5+10% 
, Si 


a 
l 

ds 

on 










M50757-XXXSP_ x 








M50758-XXXSP  * High Voltage Port, Ceramic Oscillation Type 
pAsDSSO JOKER | shmite Mesicryou: ROM, 128 Ey HAM 15 
msosa120KFP | {KES Ma re ROM Sor aM E 
ME08G2-200FP | Oe Me To OM ee aM 

, Si : 














5+10% 










6K-Byte Mask-Prog. ROM, 192-Byte,RAM, me 
M50293-AXXFF LCD Controller/Driver, Serial 1/O Cc 3:8=-9-9), 15 BORG 
8K-Byte Mask-Prog. ROM, 256-Byte RAM, ‘ = 
M50934-XXXFP LCD Controller/Driver, Serial I/O C,Si |3.8~5.5| 15 |1.86]| 4.3 | 80P6 
M50940-XXXSP/FP | 8-Bit A-D Converter, High Voltage Port, i 1 
Serial 1/O 
8K-Byte Mask-Prog ROM, 192-Byte RAM, 
C,Si | 510% | 15 2 4 64P4B/72P6 
Serial I/O ; 
8K-Byte Mask-Prog. ROM, 192-Byte RAM, 
12K-Byte Mask-Prog. ROM, 192-Byte RAM, , 35 
M50944-XXXSP/FP 8-Bit A-D Converter, Two Serial I/Os 3-~5.5 15 |1.91] 4.19 64P4B/64P6S) Note? | 
C, Si 5 2 





4K-Byte Mask-Prog ROM, 128-Byte RAM, 
2 4 64P4B/72P6 
Note2 
M50941-XXXSP/FP | 8-Bit A-D Converter, High Voltage Port, 
16K-Byte Mask-Prog. ROM, 256-Byte RAM, 


























M50945-XXXSP/FP | 8-Bit A-D Converter, High Voltage Port, : 1 4 sem7276 | noe 
Serial 1/0 

MOBO Oe nO eee a c, Si 

wsoosrooorse | Sgllren FON, Bre Fa Gat [stios| 2 F10 

M50954-XXXSP/FP/GP Bi Fisheluce Pon = a ie Cc, Si 4.2 

conser | ables ; 


* > New product xx > Under development 


Note1 : Refer to the “1989 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS” 
2 : Refer to the “1990 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS Enlarged 
edition” 
3: Refer to the “1992 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS) Vol 1.” 
*x : The production of this product is no longer planned due to announcement of new series or upgrades. 
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MiSeries MELPS 740 single-chip microcomputers (continued) 


Electrical characteristics 
Max. 
Circurt function and organization Structure fre- Package Page 
dissipation) time |quency 
Lu 


10K-Byte Mask-Prog. ROM, 256-Byte RAM, 

M50957-XXXSP/FP | PWM, High Voltage Port, 4-Bit Comparator, Cc, S 4~5.5 | 20 4.2 | 64P4B/72P6 
Serial i/O 
12K-Byte Mask-Prog. ROM, 256-Byte RAM, 

M50958-XXXSP/FP_| PWM, High Voltage Port, 4-Bit Comparator, Cc, Si 4~5.5 | 20 | 1.90] 4.2 | 64P4B/72P6 

*| Serial 1/O 

16K-Byte Mask-Prog. ROM, 256-Byte RAM, 

M50959-XXXSP/FP x{ PWM, High Voltage Port, 4-Bit Comparator C, Si 4~5.5 | 20 |1.90} 4.2 | 64P4B/72P6 
Serial 1/O 
10K-Byte Mask-Prog. ROM, 160-Byte RAM, 

M50963-XXXSP/FP | 8-Bit A-D Converter, 5-Bit D-A Converter, PWM, C, Si | 510%] 15 2 64P4B/72P6 | Note 


Serial I/O 
64P4B/72P6 


6K-Byte Mask-Prog. ROM, 160-Byte RAM, 
M50964-XXXSP/FP | 8-Bit A-D Converter, 5-Bit D-A Converter, PWM, C, Si 
Serial 1/0 
External ROM, RAM Type, 5-Timer, 8-Bit A-D 
Converter, Serial I/O 
External ROM, RAM Type, 5-Timer, 8-Bit A-D 5+10% 35 | a8 | 64P4B/72P6 
C,Si |5+10% 64P4B/80P6 | Note3 
C,Si | 510% 110 | 64P4B/80P6N | Note3 
C, Si |5+10% 64P4B Note3 
C,Si |5410%)| 75 cae 8OPEN Note3 
csi |szio%| tio] 1 | 4 |eapas | notes 


Converter, Serial I/O 
C,si |5+10% | 110 el 4 | 64P4B Note3 
5+10% | 110] 1 
5+10% |137.5| 1 4 | 64P4B Note3 
110 | 1 


52P4B Note3 


42P4B/44P6N | Notes 
52P4B/56P6N | Note3 









Type 





a 





























M50734SP/FP 






M50734SP/FP-10 








. 16K-Byte Mask-Prog. ROM, 320-Byte RAM, 
M37100M8-XXXSP/FP Two Serial I/Os, A-D Converter, OSD Function 


16K-Byte Mask-Prog. ROM, 320-Byte RAM, 
Two Serial |1/Os, A-D Converter, PWM, OSD Function 


M37102M8-XXXSP/FP * 





8K-Byte Mask-Prog. ROM, 320-Byte RAM, 

Serial I/O, A-D Converter, PWM, OSD Function 
12K-Byte Mask-Prog. ROM, 256-Byte RAM, 
Serial |/O, A-D Converter, D-A Converter, OSD Function 


24K-Byte Mask-Prog. ROM, 384-Byte RAM, ; 
Two Serial i/Os, A-D Converter, PWM, OSD Function 
12K-Byte Mask-Prog. ROM, 256-Byte RAM, 
Serial |/O, A-D Converter, PWM, OSD Function, 
Four Timers j 

32K-Byte Mask-Prog ROM, 512-Byte RAM, 
Serial 1/0, A-D Converter, D-A Converter, PWM, 
OSD Function, Four Timers 
24K-Byte Mask-Prog. ROM, 384-Byte RAM, 
M37250M6-XXXSP *} Serial |/O, A-D Converter, PWM, OSD Function, 
PLL Function, Four Timers 


: 24K-Byte Mask-Prog. ROM, 320-Byte RAM, 
M37260M6-XXXSP ax 8-Byte Serial 1/0, OSD Function, Four Timers 

4K-Byte Mask-Prog. ROM, 128-Byte RAM, 
M37408M2-XXXSP/FP **| Dual-Port RAM, UART, Bus Interface, 
Timer 


4K-Byte Mask-Prog. ROM, 128-Byte RAM, 
M37409M2-XXXSP/FP Dual-Port RAM, Three UARTs, Bus Interface, Timer 
6K-Byte Mask-Prog. ROM, 192-Byte RAM, 
Serial 1/0, A-D Converter, LCD Controller/Driver 


M37103M4-XXXSP * 








M37120M6-XXXFP * 






M37201M6-XXXSP * 









M37202M3-XXXSP ** 












M37204M8-XXXSP ** C, Si 64P4B Note3 
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, Si 
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C, Si 


5+10% | 50 
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aa 


M37410M3HXXXFP Cc, Si |2.5~5.5 


M37410M4HXXXFP | 8K-Byte Mask-Prog. ROM, 256-Byte RAM C, Si 
M37410M6HXXXFP| 12K-Byte Mask-Prog. ROM, 256-Byte RAM C, Si 


8K-Byte Mask-Prog. ROM, 160-Byte RAM,Serial 
I/O, PWM, 8-Bit A-D Converter, 5-Bit D-A Converter 


.5~5. 
.5-~5 


5+10% 





M37412M4-XXXFP C, Si 


IS 

ojo 
= 
co 


8K-Byte Mask-Prog. ROM, 256-Byte RAM, 
Serial I/O, A-D Converter 


12K-Byte Mask-Prog. ROM, 
256-Byte RAM 


10K-Byte Mask-Prog. ROM, 160-Byte RAM, Serial : 
M37414M5-XXXFP | 174 pw, 8-Bit A-D Converter, 5-Bit D-A Converter C, Si 


8K-Byte Mask-Prog. ROM, 512-Byte RAM, : 
M37415M4-XXXFP Serial 1/O, LCD Controller/Driver, DTMF Generator C, Si 


* ; New product ** : Under development 
Note1 : Refer to the “1989 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS)” 
2 : Refer to the “1990 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS Enlarged 
edition>” 
3 : Refer to the “1992 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS) Vol. 1.” 
_ 3 The production of this product is no longer planned due to announcement of new series or upgrades. 





M37413M4HXXXFP C, Si {2.5~5.5 


M37413M6HXXXFP ** C,Si |2.5~5. 





5+10% 
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2655.5) 2 
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WiSeries MELPS 740 single-chip microcomputers (continued) 


Electrical characteristics 
Supply in. ; 

Type Circuit function and organization Structure | voltage Package Page 
(mW) | (us) |(MHz) 


4K-Byte Mask-Prog. ROM, 128-Byte RAM, UART, eee 
MSTALGHDKORPIEP. “| Co ter Bus Wmariace Key oy Wale ip 5+10% 52P4B/56P6N | Note3 

: 8K-Byte Mask-Prog. ROM, 256-Byte RAM, PWM, ; +1099 
M37420M4-XXXSP | serial 1/0, A-D Converter, D-A Converter, Timer C, Si | 5£10% | 30 52P4B Note3 


M37420M6-XXXSP_| 12K-Byte Mask-Prog. ROM, 256-Byte RAM 5+10%| 30 | 1 | 8 | 52P4B 


: 12K-Byte Mask-Prog. ROM, 320-Byte RAM, PWM, : +100 
M37421M6-XXXSP/FP Serial I/O, High Voltage Port, 4-Bit Comparator 5+10% | 25 4.2 | 64P4B/72P6 | Note3 
16K-Byte Mask-Prog. ROM, 256-Byte RAM, PWM, 
C, Si |5+10% | 30 64P4B Note3 
Cc 


Serial !/O, 8-Bit A-D Converter, 5-Bit D-A Converter, 
, Si |5+10% | 30 1 











































M37424M8-XXXSP ** 
Timer 


16K-Byte Mask-Prog. ROM, 256-Byte RAM, 
M37524M4-XXXSP *x*| PWM, Serial I/O, 8-Bit A-D Converter, 5-Bit 
D-A Converter, Timer 


8K-Byte Mask-Prog. ROM, 384-Byte RAM, : 4 
MS7428M4-XXXFP wx UART, LCD Controller/Driver, Timer S£10% | 15 \ 
4K-Byte Mask-Prog. ROM, 128-Byte RAM, 
M37450M2-XXXSP/FP 


8-Bit A-D Converter, 8-Bit D-A Converter, UART, 

DBB, Three Timers, PWM 
| M37450M4-XXXSP/FP_| 8K-Byte Mask-Prog. ROM, 256-ByteRAM | C, Si_ | 510% | 30 | 0.8 | 10 | 64P4B/80P6 
| M37450M8-XXXSP/FP_| 16K-Byte Mask-Prog ROM, 384-Byte RAM |G, Si_ | 510% | 30 | 0.8 | 10 | 64P4B/80P6 
|M37450S1SP/FP | Extemal ROM, 128-ByteRAM =|, Si_ [510% | 30 | 0.8 | 10 | 64P4B/80P6 | 
|M37450S2SP/FP | Extemal ROM, 256-ByteRAM |, Si_ | 510% | 30 | 0.8 | 10 | 64P4B/B0PE | 3—43 
|M37450S4SP/FP_ | External ROM, 384-ByteRAM_ |, Si_ | 510% | 30 | 0.8 | 10 | 64P4B/80PE_ 


8K-Byte Mask-Prog. ROM, 256-Byte RAM, 64P4B/ 
M37451M4-XXXSP/FP/GP %*| 8-Bit A-D Converter, 8-Bit D-A Converter, UART, C, Si | 5+10% 12.5 | sopen/sop6s 
DBB, Three Timers, PWM 
; 64P4B/ 3—59 
Ee = : ze +109 
M37451M8-XXXSP/FP/GP | 16K-Byte Mask-Prog. ROM, 384-Byte RAM 5+10% | 40 [0.64 12.5 | sop6n/s0P6S 
64P4B/ 
- = on Q 
M37451MC-XXXSP/FP/GP *&*«| 24K-Byte Mask-Prog. ROM, 512-Byte RAM 5+10% 40 |0.64 | 12.5] 80PG6N/80P6S 


: 64P4B/ 
ss +109 — 
M37451SSP/FP/GP **; External ROM, 1024-Byte RAM C, Si 5+10% 40 [0.64 12.5 80P6N/80P6S 3—106 
M37470M2-XXXSP * 4K-Byte Mask-Prog R , 128-Byte RAM, van 7~5.5117-5/ 1 | 4 | Se 


Serial I/O, A-D Converter 












64P4B Note3 


80P6N Note3 






C,Si |5+10%| 30 | 0.8 64P4B/80P6 





i 
Ww 




















4—3 
M37470M4-XXXSP__*| 8K-Byte Mask-Prog. ROM, 192-Byte RAM 17.5| 1 | 4 [32P4B 
M37470M8-XXXSP | 16K-Byte Mask-Prog. ROM, 384-Byte RAM c,si |2.7~5.5/17.5| 1 | 4 | 32P4B 
e 4K-Byte Mask-Prog. ROM, 128-Byte RAM, : -— 
MST47IM2-XXXSP/FP &) Boo T UG AD Converter C,Si [2.7 5517.5) 1 | 4 | 42P4B/56P6N _ 
M37471M4-XXXSP/FP | 8K-Byte Mask-Prog ROM, 192-Byte RAM : C,Si |2.7~5.5)17.5] 1 | 4 | 42P4B/S56P6N 


M37471M8-XXXSP/FP | 16K-Byte Mask-Prog. ROM, 384-Byte RAM | c,si |2.7~5.5/17.5] 1 | 4 | 42P4B/S56P6N 
* : New product ** : Under development 


Note1 : Refer to the “1989 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS” 
2 : Refer to the “1990 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS Enlarged 
edition)” ; 
3 : Refer to the “1992 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS) Vol. 1.” 
* : The production of this product is no longer planned due to announcement of new series or upgrades. 
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MIExtended operating temperature version of microcomputers 


Circuit function and organization Package 


ructu 
4K-Byte Mask-Prog. ROM,144-Byte RAM, 
M50744T-XXXSP = x| Extended Operating Temperature Version of C,s 5+10% 
M50744-XXXSP 


8K-Byte Mask-Prog. ROM,256-Byte RAM, 
M50747T-XXXSP Extended Operating Temperature Version of C,Si | 510% 1 8 
M50747-XXXSP 
6K-Byte Mask-Prog ROM,96-Byte RAM, 
M50753T-XXXSP Extended Operating Temperature Version of C, Si | 5410%| 15 2 64P4B Note1 
M50753-XXXSP 











4K-Byte Mask-Prog. ROM,128-Byte RAM, 

M50930T-XXXFP Extended Operating Temperature Version of C, Si {| 5410%/{ 20 | 1.86! 4.3 | 80P6 Note 1 
M50930-XXXFP 
8K-Byte Mask-Prog ROM, 256-Byte RAM, 

M37450M4TXXXSP/J Extended Operating Temperature Version of C,Si |5+10%} 30 | 0.8 
M37450M4-XXXSP 
8K-Byte Mask-Prog ROM, 256-Byte RAM, 

M37451M4DXXXSP/FP **| Extended Operating Temperature C,S: |5+10% 0. 64 | 1 
Version of M37451M4-XXXSP/FP 3-139 
16K-Byte Mask-Prog ROM, 384-Byte RAM, 

M37451M8DXXXSP/FP **| Extended Operating Temperature C, Si |5+10% 0.64 | 12.5 | 64P4B/80P6N 
Version of M37451M8-XXXSP/FP 


MiPiggyback type microcomputers (EPROM mounted type) 


— : 
Circuit function and organization Structure fre- Package 
(Vv) quency 

Piggyback for M50740/M50741 | Cc, Si | 5+5% | — | 

nsorerays —|rogiat erisorasme | est ses | — i 
M50743-PGYS Piggyback for M50743 Note1 
Piggyback for M50757/M50752 C,Si | 5+5% | — Note1 
fMS0945-PGYS | Figayback for MGOSa0/M50981/Ma0945 _——~—=dt_c. Si_| 6xk596 | — 


M50950-PGYS Piggyback for M50950/M50951 GeSt .|)'6225%. |. = 
M50955-PGYS Piggyback for M50754/M50954/M50955 Ci Sts) 8259 4.2 


M50957-PGYS Piggyback for M50957/M50958/M50959 C, Si 5+5% 








10 | 64P4B/84P0 | 3—125 


2.5 | 64P4B/80P6N 




















NO 
& 


as 
fo?) 
ol 





co 








M37409PSS *| Piggyback for M37409M2-XXXSP 
M37415PFS Piggyback for M37415M4-XXXFP 


M37421P-000SS 
M37421P1001SS 


M37450PSS Piggyback for M37450M2/M4/M8-XXXSP 


M37450PFS Piggyback for M37450M2/M4/M8-XXXFP 


* : New product ** : Under development 
Note1 : Refer to the “1989 MITSUBISH! SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS)” 
2 : Refer to the “1990 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS Enlarged 
edition>” 
3: Refer to the “1992 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS) Vol. 1” 
* : The production of this product is no longer planned due to announcement of new series or upgrades 








Piggyback for M37421M6-XXXSP 
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MiBullt-in PROM type microcomputers 


Electrical characteristics 


Structure Package 


Circuit function and organization 


Type Page 











M50746E-XXXSP/FP C,si | 5+ 64P4B/72P6 | Note1 
M50746ES/EFS C, si | 5+5% | 2 | 4 |64S1B/7286 | Notet 
M50747E-XXXSP/FP C, Si | 5+5% | 1 | 8 | 64P4B/72P6 | Notet 
M50747ES/EFS Cc, Si | 5+5% | 1 | 8 | 64S1B/72S6 | Note1 
M50944E-XXXSP/FP | One Time Programmable Version of M50944-XXXSP/FP C, Si 64P4B/64P6S 
M50944ES PROM Version of M50944-XXXSP C, Si | 3~5.5 1.9 64S1B 


2 


64P4B 
4.2 | 64S1B 
64P4B/72P6 | Note1 
64S1B/72S6 | Note1 
64P4B/80P6N | Notes 
8SOP6N Note3 
64P4B Note3 
80P6S 
80S6 


M50957E-XXXSP One Time Programmable Version of M50957-XXXSP 


9 
2 


i | 545% 
i | 545% 


Note1 


_ 
© 


M50957ES 
MS0063E-00P/FP i [55% 
MBOD6SES/EFS 55% 
M37102E8-XXXSP/FP %*) One Time Programmable Version of M37102M8-XXXSP/FP__| i | 5+10% | 110 
MB7I20ES-XXFP | PROM Version of MOTIZOME-KKXFP |G SI | BE594 


9 
Y 


_Notet | 
_Notet | 
| Notet | 
| Notet | 
_Notet | 
_Notet | 


( 


9 
Y 


4 


9 
o 


9 
Y 


4 


M37201E6-XXXSP *} One Time Programmable Version of M37201M6-XXXSP +10% 
M37410E6HXXXFP | One Time Programmable Version of M37410M6HXXXFP <D=29. 
M37410E6HFS PROM Version of M37410M6HXXXFP .5~5, 


M37412E5-XXXFP One Time Programmable Version of M37412M4-XXXFP 
M37413E6HXXXFP**| One Time Programmable Version of M37413M6HXXXFP 


1 


QO 
” 


12) 
NS 
oO [ot | on 
ol 
on 
on 


, 


Note3 


9 
” 
~S 
oO 


C, Si 4 | 72P6 Note3 
C, Si 12,.5~5.5 80P6S a 
M37413E6HFS *x*| PROM Version of M37413M6HXXXFP C, Si | 5+5% 80S6 oe 


-=S 


72P6 
52P4B 
52S1 
64P4B 


Note3 


MQ741AESXXKFP | One Time Programmable Version of MGTAT4ME-JOOEP_ 
M7420E6.XXXSP | One Time Programmable Version of M&74Z0M6-DOXSP_ 
MG7420E8SS___+| PROM Version of MG7A20MG-KXXSP 
M&7424E8.200GP | One Time Programmable Version of MSTAZAMETOXSP | 


9 
o 


i +5% 
+5% 
i +5% 
+10% 


Note3 


9 
Y 


9 
” 


Note3 


9 
2 


M37524E4-XXXSP *%*| One Time Programmable Version of M37524M4-XXxxSP | C, Si | 5+10% 64P4B Note3 
M37450E4-XXXSP/FP_ | One Time Programmable Version of M37450M4-XXXSP/FP_ | C, Si 64P4B/80P6 |, 
M37450E4SS/FS C, Si | 5+5% 64S1B/80S6 
M37450E8-XXXSP/FP | One Time Programmable Version of M37450M8-XXXSP/FP_ | C, Si | 5-+5% 64P4B/80P6 


OO 


0 
0 


64S1B/80D0 
64P4B/84P0 
64P4B/80P6N/ 


M37450E8SS/FS *| PROM Version of M37450M8-XXXSP/FP 
M37450E4TXXXSP/J %*| One Time Programmable Version of M37450M4TXXXSP/J C, Si 


M37451E4-XXXSP/FP/GP * C, Si 


9 
” 
on 


+5% 
55% 


5+10% 
5+10% 
5+10% 
5+10% 
5+10% 


oO 
—_ 


— | —| 

jo) 
oo 
Oo 
U 
©) 
” 

Ww 


3—192 


One Time Programmable Version of M37451M4-XXXSP/FP/GP 






64S1B/80D0 


64P4B/80P6N/ 
OP6S 3—210 


12.5 | 64S1B/80D0 
64P4B/80P6N/ 


M37451E4SS/FS *| PROM Version of M37451M4-XXXSP/FP C, Si 


M37451E8-XXXSP/FP/GP %*) One Time Programmable Version of M37451M8-XXXSP/FP/GP C, Si 


M37451E8SS/FS *|} PROM Version of M37451M8-XXXSP/FP Cc, Si 


M37451EC-XXXSP/FP/GP x*| One Time Programmable Version of M37451MC-XXXSP/FP/GP C, Si 


> 
io) 
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= 
@ 
~~ 
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~— 
i 
ms) 
* 
* 


‘> | g0P6S 
M37451ECSS/FS **| PROM Version of M37451MC-XXXSP/FP C, Si | 5+10% .5 | 64S1B/80D0 
One Time Programmable Version of M37451M4DXXXSP/FP | GC, Si |5-+10%| 40 64P4B/80PEN | 
One Time Programmable Version of M37451M8DXXXSP/FP | C, Si | 5+10% 0 12.5 | 64P4B/80P6N 


32P4B 
32P4B 






2.7~5. 
i |2.7~5. 


— 
NS 


M37470E4- One Time Programmable Version of M37470M4-XXXSP io 


M37470E8-XXXSP %*/ One Time Programmable Version of M37470M8-XXXSP 


9 
Y 


z = 
7) Ss 
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na a 
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< | >< oS 
$3) 83138) 1B 
ei oar 
Ra Ps | 
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One Time Programmable Version of M37471M4-XXXSP/FP , Si |2.7~5. ; 42P4B/56P6N 
M37471E8- One Time Programmable Version of M37471M8-XXXSP/FP C, Si (2.7~5.5) 17.5 42P4B/56P6N | 4—72 
M37471E8SS *| PROM Version of M37471M8-XXXSP C,Si (2.7~5.5;17.5 42S1B 


* : New product ** : Under development 
Note1 : Refer to the “1989 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS)” 
2: Refer to the “1990 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS Enlarged 
edition” 
3 : Refer to the “1992 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS) Vol. 1.” 
* : The production of this product is no longer planned due to announcement of new series or upgrades. 


WiSeries 38000 single-chip microcomputers 


Refer to the “1991 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 8-BIT MICROCOMPUTERS> 
Vol. 3.” 
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Development support systems (1) 


ee | 740 oe system 
Assembler 


S nee] evaluation 


M50740A-XXXSP/FP 
M50741-XXXSP/FP_ | Single-chip mode PCA4040 M50740-PGYS 
M50740ASP 
M50742-XXXSP/FP 
M50708-XXXSP/FP Single-chip mode Pomc so7se-Pavs PGYS 
eae —— or 
M50743-XXXSP/FP_ | Single-chip mode oe  wsoras-Pas 
M50744-XXXSP/FP Saisiantis oe ise 
M50744T-XXXSP PC oe 
M50746-XXXSP/FP ia re Sal 
M50746E-XXXSP/FP_ | Microprocessor PCA omowxaoe 
M50746ES/EFS mode 
7 or 
M50747H-XXXSP/FP PC ee | 
M50747T-XXXSP M50747ES/EFS 
M50747E-XXXSP/FP Microprocessor nea | or (Note 2) 
M50752-XXXSP 
M50757-XXXSP Single-chip mode PCA4057 M50752-PGYS 
M50758-XXXSP 
M50753-XXXSP/FP M50753-PGYS 
M50753T-XXXSP Single-chip mode jPoaoss (Note 2) 
M50754-XXXSP/FP/GP 
M50954-XXXSP/FP/GP | Single-chip mode PCA4054G02 or M50955-PGYS 
PCA4054RG02 
M50955-XXXSP/FP/GP SRA74 PC4000E RTT74 
M50930-XXXFP 
M50930T-XXXFP 
M50931-XXXFP Sinaiezehiownane PCA4093 or M50931- PGYS 
M50932-XXXFP neg PCA4093R (Note 2,3) 
M50933-XXXFP 
M50934-XXXFP 
M50940-XXXSP/FP 
PCA4094 
M50941-XXXSP/FP_ | Single-chip mode ee pees ae : 4 M50945-PGYS 
M50945-XXXSP/FP 
M50943-XXXSP/FP_ | Single-chip mode Pomoc; PUR vaue 
(Note 1) 
M50944-XXXSP/FP 
M50944E-XXXSP/FP_ | Single-chip mode PCA7044 M50944ES 
M50944ES 
M50950-XXXSP Ate : 
MS0951-XXXSP Single-chip mode Poaoss M50950-PGYS 
M50957-XXXSP/FP 
eae Single-chip mode PCA4054G02 or M50957-PGYS 
M50958-XXXSP/FP PCA4054RG02 M50957ES 
M50959-XXXSP/FP 
MS50963-XXXSP/FP | 
M50963E-XXXSP/FP ; : PCA4064 or 
M50963ES/EFS Single-chip mode PCA4064R M50963ES/EFS 
M50964-XXXSP/FP 


* : New products *&k* : Under development 

Note 1 : Evaluation board 
2: Notes for operating temperature range about the extended operating temperature version microcomputer. 
3 : Notes for supply voltage range about the M50932-XXXFP, M50933-XXXFP. 










































































I~ aie Misuaisit 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


DEVELOPMENT SUPPORT SYSTEMS 





Development support systems (2) 


MELPS 740 Debug system 
Assembler For evaluation 
M37100P-000SS 


software 
M37100T-OPT or 
M37102M8-XXXSP/FP 
M37102E8-XXXSP/FP | Single-chip mode M37102T-RTT M37102E8SS/FS** 
M37102E8SS/FS PC4000E 
712025 RFP MoT 2086 00F* 
M37201M6-XXXSP 
M37201E6-XXXSP 
M37201E6SS 
M37202M3-XXXSP PC4000E 
M37202E3-XXXSP Single-chip mode + M37201T5-POD* 
PC4600* 
M37204M8-XXXSP 
M37204E8-XXXSP 
M37204E8SS 
M37250M6-XXXSP 
M37250E6-XXXSP Single-chip mode PC4000E M37250T-RTT* 
M37250E6SS 
PC4000E 
+ M37260T5-POD* 
PC4600* 
M37260TX-OPT* 
(Be necessary to order 
_ 
M3741 0M3HXXXFP 
M37410M4HXXXFP 
M37410M6HXXXFP_ | Single-chip mode SRA74 
M3741 0E6HXXXFP 
M37410E6HFS 











M37201E6SS** 


M37202E38Ss** 
M37204E8Ss** 
M37250E6SS** 


M37 260E6SS** 


M37409PSS* 





M37260M6-XxxsP | =i"gle-chip mode 


M37260E6-XXXSP 
M37260E6SS 





Microprocessor mode 









M37202E3SS 
producing this board) 







M37410T-OPT M37410E6HFS 

























M37412M4-XXXFP 
ingle-chi -OPT M3741 2E5-XXXFP 
M37412E5-xxxFP | Single-chip mode M3741 2T 
M37413M4HXXXFP 
M37413M6HXXXFP 






M37413E6HFS** 


M37414E5-XXXFP* 


M37415PFS 


M37420E6SS* 
M37421P-000SS 
M37421P-001SS 
M37424E8Ss** 


M37524E4Ss** 
* > New products *kx > Under development 
Note 1 : Evaluation board Note 2 : Be necessary to order exchanging the monitor ROM. 
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M37413T-RTT 





M37413E6HXXxFP | Single-chip mode 


M37413E6HFS 


M37414M5-XXXFP 

i -chi -RTT 
M37414E5-XXXFP Single-chip mode re M3741 4T 
M37415M4-XXXFP | Single-chip mode M37415T-OPT 
M37416M2-XXXSP/FP | Single-chip mode M37416T-RTT* 


M37420M4-XXXSP 




















M37420M6-XXXSP 


M37420T-OPT 





M37420E6-Xxxsp__ | single-chip mode 


M37420E6SS 


M37421M6-XXXSP/FP | Single-chip mode 


M37424M8-XXXSP 
M37 424E8-XXXSP 
M37424E8SS 
M37524M4-XXXSP 
M37524E4-XXXSP 
M37524E4SS 





M37421T-OPT 



















Single-chip mode M37424T-RTT* 















Single-chip mode M37524T-RTT* 





PC4000E 
+ 
PC4600* ( Note2) 





M37428M4-XXXFP Single-chip mode M37428RFS 
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Development support systems (3) 


MELPS 740 


Debug system ; 
Assembler For evaluation 
oo =, 

M50734SP/FP PCA4034G02 or 


Development support systems (4) series 7450 | 


Series 7450 Debug system 
Assembler Control Base PC4000E Base PC4600 For evaluation 
dype mame software Debugger} Option board {Debugger} Emulator MCU 


M37450M2-XXXSP/FP 

M37450T-OPT 
M37450M4-XXXSP/FP_ | single-chip is 
M37450M4TXXXSP/J | mode feria eae 
M37450M8-XXXSP/FP enya 
M37450E4-XXXSP/FP M37450RSS ap aBaEICSES 
M37450E4TXXXSP/J or = 
M37450E4SS/FS Microprocessor PC4000E M37450RFS 

‘ M37 /FS* 
M37450E8-XXXSP/FP | mode M37450TX-OPT (Note 2) : aa iS 
M37450E8SS/FS Pye ao 
M37450S1 SP/FP Sanat : 
M37450S2SP/FP |” oe 
M37450S4SP/FP PC4000E 
RTT74 
M37451M4-XXXSP/FP/GP SRA74 + 
(Note 1) becieeit 
M37451M8-XXXSP/FP/GP C4600 
M37451MC-XXXSP/FP/GP 
M37451E4-XXXSP/FP/GP | Single-chip 
M37451E4SS/FS 
M37451E8-XXXSP/FP/GP M37451E4SS/FS*, 
M37451E8SS/FS ee Hee M37451E8SS/FS* 
M37451EC-XXXSP/FP/GP | rere or " 
M37451ECSS/FS Microprocessor (Note 2) M37451ECSS/FS 
M37451M4DXXXSP/FP_ | mode (Note 3) 
M37451M8DXXXSP/FP ‘ 
M37451E4DXXXSP/FP 
M37451E8DXXXSP/FP 
mode 


* > New products 
Note 1 : PC4600 is supported by software version up. 
2 : Pitch converter PCA4932 is necessary to RFS type. 
3 : Notes for operating temperature range about the extended operating temperature version microcomputer 




















Development support systems (5) series 7470 


Debug system 
For evaluation 


Series 7470 
Assembler 


M37470M2-XXXSP 
M37470M4-XXXSP 
M37470M8-XXXSP 
M37470E4-XXXSP 






















M37470E4-XXXSP* 
M37470E8-XXXSP* 


\ 









































M37470E8-XXXSP PC4000E 
M37471M2-XXXSP/FP | Single-chip mode RTT74 (Note 1) + M37471RSS (Note 2,3) 
M37471M4-XXXSP/FP PC4600* 






M37471M8-XXXSP/FP 

M37471E4-XXXSP/FP 
M37471E8-XXXSP/FP 
M37471E8SS 





M37471E8SsS* 


* : New products 
Note 1 : PC4600 is supported by software version up. 
2 : Pitch converter PCA4906 is necessary to M37470 
3 : Pitch converter PCA4907 is necessary to QFP package type. 
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Development support systems (6) series 38000 





M38002M2-XXXSP/FP 
M38002E2-XXXSP/FP 
M38002E2SS/FS 
M38002M4-XXXSP/FP 
M38002E4-XXXSP/FP 
M38002E4SS/FS 

| M38003M6-XXXSP/FP 
M38003E6-XXXSP/FP 
M38003E6SS/FS 
M38004M8-XXXSP/FP 
M38004E8-XXXSP/FP 
M38004E8SS/FS 
M38007M4-XXXSP/FP 
M38007E4-XXXSP/FP 
M38007E4SS/FS 
M38042M3-XXXFP 
M38042E3-XXXFP 
M38042E3FS 
M38062M3-XXXFP/GP 
M38062E3-XXXFP/GP 
M38062E3FS 
M38062M4-XXXFP/GP 
M38062E4-XXXFP/GP 
M38062E4FS 
M38063M6-XXXFP/GP 
M38063E6-XXXFP/GP 
M38063E6FS 
M38064M8-XXXFP/GP 
M38064E8-XXXFP/GP 
M38064E8FS 
M38102M5-XXXSP/FP 
M38102E5-XXXSP/FP 
M38102E5SS 
M38103M6-XXXSP/FP 
M38103E6-XXXSP/FP 
M38103E6SS 
M381 12M4-XXXSP/FP 
M381 12E4-XXXSP/FP 
M38112E4SS 
M3817 2M4-XXXFP 
M38172E4-XXXFP 
M38172E4FS 
M38173M6-XXXFP 
M38173E6-XXXFP’ 
M38173E6FS 
M3817 4M8-XXXFP 
M38174E8-XXXFP 
M38174E8FS 
M38184M8-XXXFP 
M38184E8-XXXFP 
M38184E8FS 





RTT74 (Note 1) 


* : New products ** : Under development 


Note 1: PC 4600 is supported by software version up 
2 : Pitch converter M38007T-PRB is necessary to QFP package type. 


3: Pitch converter PCA4932 is necessary. 





Debug system 
Control software Debugger Emulation MCU 


PC4000E 
+ 
PC4600* 


For evaluation 


M38002E2SS/FS 
M38002E4SS/FS 
M38003E6SS/FS 
M38004E8SS/FS 
M38007E4SS/FS 


M38007RSS (Note 2) 


Under development M38042E3FS 


M38062E3FS 
M38062E4FS 
M38063E6FS 
M38064E8FS 


M38067RFS (Note 3) 









M38102E5SS 


M38107RSS (Note 2) M38103E6SS 












M38112E4SS 







M38117RSS (Note 2) 


M38172E4FS 
M38173E6FS 
M38174E8FS 








M38177RFS (Note 3) 






M38187RFS*™* (Note 3) M38184E8FS 
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' Program writing adapter for built-in 
PROM type microcomputers 


| i t 
Built-in PROM type microcomputers Proaiein writing adapter 
type name 
M50746E-XXXSP 
M50746ES 
M50746EFS 
| Mso74seFS aes 
M50746E-XXXFP 
M50747E-XXXSP 
M50747ES 
M50747E-XXXFP 
| MSO747E-XXXFP are 
M50747EFS 


M50944E-XXXSP 


M50944ES 


M50944E-XXXFP PCA4714 
M50957E-XXXSP 
Eee 
M50957ES. 
M50963E-XXXSP 
M50963E-XXXFP 
Boies 
MSO963EFS 
M37102E8-XXXSP 
PCA4724 
M37102E8SS 
M37102E8-XXXFP 
PCA4725 
M37102E8FS 


M371 20E6-XXXFP PCA4716(Note 1) 















PCA4715 













M37201E6-XXXSP 
PCA4723 
M37201E6SS 


M37202E3-XXXSP 

M37202E3SS 

M37204E8-XXXSP * 
PCA4726 

M37204E8SS 

M37250E6-XXXSP 

M37250E6SS 


M37260E6-XXXSP re 
PCA4736 

M37260E6SS 

M37260E6-XXXFP * 

PCA4737 

M37260E6FS 

M37410E6HXXXFP PCA4705 
M37412E5-XXXFP PCA4720 
M37413E6HXXXFP PCA4728 


M37413E6HFS PCA4729 
M37414E5-XXXFP PCA4720 


M37420E6-XXXSP . 
PCA4727 
M37420E6SS 


M37424E8-XXXSP 
M37424E8SS 
PCA4721 
M37524E8-XXXSP 
M37524E8SS 


M37451E4-XXXSP PCA4710 
| 
M37451EC-XXXSP 

















Program writing adapter for built-in 
PROM type microcomputers (continued) 


Built-in PROM type microcomputers 
” E Program writing adapter 
type name 


M37451ECSS 

PCA4710 
M37450E4TXXXSP 
M37450E4TXXXJ 


* 2 New product ** : Under development 
Note 1 : Be necessary to order producing this board. 




















PCA4712(Note 1) 










PCA4711 










PCA4719 
















PCA4751* 






















PCA4752* 





PCA4710 












PCA4751* 






PCA4713(Note 1) 



















PCA4730 











Under development 






























Under development 
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Program writing adapter for built-in 
PROM type microcomputers (continued) 


Program writing adapter 


Under development 










Built-in PROM type microcomputers 

type name 
M38062E4-XXXFP 
M38062E4-XXXGP 
M38062E4FS 


M38063E6-XXXFP PCA4738F-80 
M38063E6-XXXGP PCA4738G-80 
M38063E6FS PCA4738L-80 


M38064E8-XXXFP 
M38064E8-XXXGP 
M38064E8FS 


| M38102E5-XXXSP PCA4738S-64 
M38102E5-XXXFP PCA4738F-64 
PCA4738S-64 


Under development 

























Under development 










M38103E6-XXXSP 
M381 03E6-XXXFP 
M38103E6SS 


M38112E4-XXXSP PCA4738S-64 
M38112E4-XXXFP PCA4738F-64 
M38112E4SS PCA4738S-64 


M381 72E4-XXXFP 
M381 72E4FS 
M381 73E6-XXXFP 
M381 73E6FS 
M381 74E8-XXXFP 
M381 74E8FS 


M381 84E8-XXXFP PCA4738F-100* 
M381 84E8FS Under development 


* : New product ** : Under development 
































Under development 
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FUNCTION CODE 


Mitsubishi integrated circuits may be ordered using the following simplified alphanumeric Dees -codes which define the func- 


tion of the IC/LSIs and the package style. 


1. Mitsubishi Original Products 
M 5 07 40-001 SP -2 


Example 1. 








M_ : Mitsubishi integrated prefix 


Temperature range 

5 : Standard industrial/commercial 
(0 to 70/75C or —20 to 85C) 

9 : High reliability 


Series designation using 1 or 2 alphanumeric chracters. 


01~09 :CMOS 

1 : Linear circuit 

3 > TTL 

10~19 : Linear circuit 

32~33 ‘TTL 

41~47 : TTL (the others) 

81 : P-channel aluminum-gate MOS 
84 : CMOS 

85 : P-channel silicon-gate MOS 
86 : P-channel aluminum-gate MOS 
87 : N-channel silicon-gate MOS 
88 : P-channel aluminum-gate ED-MOS 
89 > CMOS 

9 > DTL 

SO~S2 : Schottky TTL 


Circuit function identification code using 2 digits. 
A character next to 2-digit alphanumeric characters, 
using for automobile/industrial 


“T’, is represented 


Mask ROM number. 


Package style 


K - Glass-sealed ceramic flat package 
P - Molded plastic 

FP : Molded plastic flat package 

GP - Molded plastic flat package 

SP : Molded plastic shrink package 

S : Metal-sealed ceramic 


Electrical characteristic identification code using 1 or 2 digits. 
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Example2, M 3 74 50 E 4 - 001 SP 


M_ : Mitsubishi integrated prefix 

3  : Represent an original single-chip microcomputer 
Series designation using 2 alphanumeric chracters 
Circuit function identification code using 2 digits 


Memory identification code using a digit 


E ‘EPROM 

M :Mask ROM 

N : Mask ROM+EEPROM 
P : Piggyback 

S : External ROM 


Memory size identification code using a digit 


Normally, using hyphen. 

When electrical characteristic, or division of quality identification 
code using alphanumeric character. 

T°: For automobile/industrial 


Mask ROM number 


Package style 

J : PLCC, or SOJ package 

K  : Glass-sealed ceramic flat package 
P =: Molded plastic DIP 

FP : Molded plastic flat package 

FS -: Ceramic flat package 

GP : Molded plastic flat package 

SP _ : Molded plastic shrink package 

S  : Ceramic (layered type) package 
SS : Ceramic shrink package 
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2. PACKAGE CODE 


Package style may be specified by using the following simplified alphanumeric code. 


Example:42 P 4 8B 


Number of pins 


Package structure 

K =: Glass-sealed ceramic 
P : Molded plastic 

S : Metal-sealed ceramic 


Package outline 


1 °< DIP 
2 :SOP 
4 -:DIP 
6 :QFP 


Secondary outline code 
Special-purpose secondary codes describing outline are included as necessary. For 
details, contact your sales representative. 
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PACKAGE OUTLINES 


Dimension in mm 


8. 9-£0. 15 


VE UL 


x< 
- 
= 
ae) 
o 
Vs) 
< 
= 
oS 
se) 


+0.3 0.1 
1.778 1.09} . : I att 02 


Dimension in mm 


15. 24-40. 3 
, oy f 
: +0. 07 
027 © 
O.5MIN 2 8MIN ae 
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42pin ceramic DIP Dimension in mm 


40. 640. 40 


15. 49-F0. 25 


15. 2440. 25 


1. 780. 13 


Plastic 44pin QFP Dimension in mm 


12. 8£0. 3 
10. 0-F0. 2 


10. 0+0. 2 
12. 80. 3 
UU. 


J 


SEATING PLANE 


3, 05(max ) 


| 
J. 


SEATING PLANE 


SEE DETAIL F 


DETAIL F , 
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5Opin molded plastic QFP Dimension in mm 
15. 60. 3 


10. O=F0. 15 
2.0 OMIN 


18. 00. 3 
Wejnla lala lajalaialslajelaiain 


| SEATING PLANE 


+0. 05 
0. 1S_ 9. 02 


2. 44AMAX 


es 


2.8 


\ SEATING PLANE 


SEE DETAIL F 


Leia 5+0.2 DETAIL F 


52pin molded plastic DIP Dimension in mm 


+05 
45 8570 5 


15 24+0.3 


13+0.15 


| 19-2617 | 
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52pin ceramic DIP 


51. 4MAX 
- | 


15. 8MAX 


aaa 
[Sremcmememeciee| 


0. 25-40. 08 
+1.5 | 
io", 
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PACKAGE OUTLINES 


56pin molded plastic QFP Dimension in mm 


16. 80. 3 


14. 00. 2 


12. 80. 3 
10. 00. 2 


\ 


+0. 05 
0.15_ 9° 92 


60pin molded plastic QFP Dimension in mm 
18. 040. 3 
13. 20. 15 


fs) 


13. 20. 15 
18. 0-0. 3 
lalatalatatafatatatutatatatal 


q SEATING PLANE 
0. 


i” 2 


DETAIL F 





ELECTRIC 2 


MITSUBISHI MICROCOMPUTERS 


PACKAGE OUTLINES 


64pin molded plastic DIP(Lead pitch 1.778mm) Dimension in mm 


19.05+0.3 


17.00.15 


64pin molded plastic QFP Dimension in mm 
16. 80. 3 


14. 00. 2 


a 


14. 00. 2 
ATTA 


| 


SN 


SEATING PLANE 


+0. 05 
0.157 
0.02 14 


3. OOMAX 


SEATING PLANE 


SEE DETAIL F 
0.35:250..1 


DETAIL F 


| | 0.60. 2 
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Dimension in mm 


3. OSMAX 


- 16.80.3 


64pin molded plastic QFP Dimension in mm 


19. 20. 3 
14. O-E0. 15 


Ny SEATING PLANE se 
+0. 05 
0.15 TO Gp 
2. 59MAX 


ol 1.30.2 DETAIL F 
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64pin ceramic DIP Dimension in mm 


58. SMAX 


19.55MAX 


YAY TLTYVTTTTAYYT TAY 


1.778-£0.15 0.46+0.08 
(1.02) 


ia | 
41.5 | 


i 19.05 0 | 


5. 35MAX 


= 
= 
+ 
ve) 
N 


64pin piggyback DIP Dimension in mm 


58.0+0.6 


15.24+0.3 


+0.07 
0. 25__9'05 


19.05+0.3 
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72pin molded plastic QFP Dimension in mm 


uw 
~~ 
(=) 
+| 
ic 
So 


—— ne eine ra nonoo nooongoo) 
18+0.2 7 ae 
oS 13.2+0.2 54 


23. | ee 3 
1880.3 


8Opin molded ceramic LCC Dimension in mm 


21.00. 2 


ON PODSDOADDUSUDOEDSRE, CTT 
18. 40E0. 15 12. 00. 15 





bad 
<< 
= 
nN 
roe) 
oe) 
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PACKAGE OUTLINES 


Dimension in mm 


0.35+0.1 0.80.15 


2.15+0.1 


19.2+0.3 


80pin molded plastic QFP Dimension in mm 
16. 8£0. 3 
14, 0-£0. 2 


20. 00. 2 
22. 840. 3 


SEATING PLANE 


ACUNNNLALATAVatavabaUaOatptatat adnan 


3. OOMAX 


SUT TT 
SEATING PLANE 


DETAIL F none 
See 0.60.2 DETAIL F 
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3. 05 MAX 


ol 05] 


16. 8£0. 3 


80pin molded ceramic QFP 


25.220. 2 


MITT 


oe, 


inal 


0. 800. 2 aie 38TYP 


) 


LN AN 


es) 


wT 
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Dimension in mm 


Dimension in mm 


3.04+0.5 | 


MITSUBISHI MICROCOMPUTERS 


PACKAGE OUTLINES 


80pin piggyback QFP Dimension in mm 


18. 4 


0.8 


@ 


PAUL 


a) 
7 


Index on the package Wall 


Index on the socket 


84pin molded plastic leaded chip carrier Dimension in mm 
30, 35 MAX 


29,21 MIN 


29. 41 MAX 
29. 21 MIN 
30. 35 MAX 
30. 10 MIN 


0.81 MAX 


0. 33 MIN 0-66 MIN 


28. 7 MAX 


27.7 MIN 





1-28 ate MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


PACKAGE OUTLINES 


100P6S | Plastic 100pin QFP Dimension in mm 


wo 
—_ 
oS 
+l 
ut) 
(co) 
ro) 
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INTRODUCTION 


A system of letter symbols to be used to represent the 
dynamic parameters of intergrated circuit memories and 
other sequential circuits especially for single-chip micro- 
computers, microprocessors and LSlIs for peripheral 
circuits has been discussed internationally in the TC47 
of the International Electrotechnical Committee (IEC). 
Finally the IEC has decided on the meeting of TC47 in 
February 1980 that this system of letter symbols will be 
a Central Office document and circulated to all countries 
to vote which means this system of letter symbols will 
be a international standard. 

The system is applied in this LSI data book for the 
new products only. Future editions of this data book 
will be applied this system. The ![EC document which 
describes “Letter symbols for dynamic parameters of 
sequential integrated circuits, including memories’’ is 
introduced below. In this data book, the dynamic para- 
meters in the IEC document are applied to timing 
requirements and switching characteristics. 


2. LETTER SYMBOLS 


The system of letter symbols outlined in this document 
enables symbols to be generated for the dynamic para- 
meters of complex sequential circuits, including memo- 
ries, and also allows these symbols to be abbreviated to 
simple mnemonic symbols when no ambiguity is likely 
to arise. 


2.1. General Form 


The dynamic parameters are represented by the general 
symbol of the form:- 


LAIBCEDO)R “scecsitinwelicuncaivadevesenmcecdsl (1) 

where : 

Subscript A indicates the type of dynamic parameter 
being represented, for example; cycle 
time, setup time, enable time, etc. 

Subscript B_ indicates the name of the signal or terminal 
for which a change of state or level (or 
establishment of a state or level) con- 
stitutes a signal event assumed to occur 
first, that is, at the beginning of the time 
interval. If this event actually occurs last, 
that is, at the end of the time. interval, 
the value of the time interval is negative. 

Subscript C indicates the direction of the transition 
and/or the final state or level of the signal 
represented by B. When two letters are 
used, the initial state or level is also indi- 
cated. 


Subscript D indicates the name of the signal or terminal 
for which a change of state or level (or 
establishment of a state or level) consti- 
tutes a signal event assumed to occur last, 
that is, at the end of the time interval. If 
this event actually occurs first, that is, at 
the beginning of the time interval, the 
value of the time interval is negative. 

Subscript E indicates the direction of the transition 
and/or the final state or level of the signal 
represented by D. When two letters are 
used, the initial state or level is also indi- 
cated. 

Subscript F indicates additional information such as 
mode of operation, test conditions, etc. 


Note 1 Subscripts A to F may each consists of one or more letters 


2 Subscripts D and E are not used for transition times: 

3 The '’—" tn the symbol (1) above is used to indicate “‘to’’, hence the sym- 
bol represents the time interval from signal event B occuring to signal 
event D occuring, and it 1s important to note that this convention is used 
for all dynamic parameters including hold times Where no misunder- 
stariding can occur the hyphen may be omitted 


2.2. Abbreviated Form 


The general symbol given above may be abbreviated 
when no misunderstanding is likely to arise. For example 
to: 


ta(B—D) 
or  ta(e) 
or ta(D) — often used for hold times 
or tar — no brackets are used in this case 
or ta 


or tgc—pe — often used for unclassified time 
intervals 


2.3. Allocation of Subscripts 


In allocating letter symbols for the subscripts, the most 
commonly used subscripts are given single letters where 
practicable and those less commonly used are designated 
by up to three letters. As far as possible, some form of 
mnemonic representation is used. Longer letter symbols 
may be used for specialised signals or terminals if this 
aids understanding. | 


3. SUBSCRIPT A 


(For Type of Dynamic Parameter 


The subscript A represents the type of dynamic para- 
meter to be designated by the symbol and, for memo- 
ries, the parameters may be divided into two classes : 
a) those that are timing requirements for the memory 
and 
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b) those that are characteristics of the memory. Erasure ER 
The letter symbols so far proposed for memory circuits Output enable G 
are listed in sub-clauses 3.1 and 3.2 below. Program PR 
All subscripts A should be in lower-case. Data output Q 
Read R 
3.1. Timing Requirements Row address RA 
— ; ; w ss strob 
The letter symbols for the timing requirements of semi- ee ae SStOue RAS 
. efre 
conductor memories are as follows : . RF 
| Read/Write RW 
Term Subscript Chip select S 
Cycle time ‘ Write (write enable) W 
Tj ; Ib : d Note 1 In the letter symbols for time intervals, bars over the subscripts, for ex- 
ime interval between two signal events SisleCAS. <Rouldnar heue 
Fall time f 2 It should be noted, when further letter symbols are chosen, that the sub- 
Hold time h script should not end with H, K, V, X, or Z (See clause 5) 
p h : ‘ 3 If the same terminal, or signal, can be used for two functions (for example 
recharging time pe Data input/output, Read/Write) the waveform should be labelled with the 
Rise time r dual function, if appropriate, but the symbols for the dynamic parameters 
Recovery time rec should include only that part of the subscript relevant to the parameter 
Retresh time interval rf 5. SUB 
Sino tiie ies : SCRIPTS C AND E 
Pulse duration (width) Ww The following symbols are used to represent the level or 


state of a signal : 
3.2. Characteristics 


Transition of signal Subscript 
The letter symbols for the dynamic characteristics of High logic level H 
semiconductor memories are as follows : Low logic level L 
a Valid steady-state level (either low or high) V 
Characteristic Subscript . ‘ ; ; 
Unknown, changing, or ‘don’t care’ level x 
Access time a High-impedance state of three-state output Z 
Disable time dis ; ; _ : 
The direction of transition is expressed by two letters, 
Enable time en ne 
: : the direction being from the state represented by the 
Propagation time P 
: first letter to that represented by the second letter, with 
Recovery time rec maine 7 b 
Ne : e letters being as given above. 
Transition time T pects ia : a4 
ae When no misunderstanding can occur, the first letter 
Valid time ) 


Note Recovery time for use as a characteristic is limited to sense recovery time 


4. SUBSCRIPTS B AND D 


(For Signal Name or Terminal Name) 
The letter symbols for the signal name or the name of 
the terminal are as given below. 
All subscripts B and D should be in upper-case. 


Signal or terminal Subscript 
Address A 
Clock C 
Column address CA 
Column address strobe CAS 
Data input = D 
Data input/output DO 
Chip enable E 


may be omitted to give an abbreviated symbol for sub- 
scripts C and E as indicated below. 
All subscripts C and E should be in upper-case. 


Subscript 

Examples Full Abbreviated 
Transition from high level to 
low level HL L 
Transition from low level to 
high level LH H 
Transition from unknown or 
changing state to valid state XV V 
Transition from valid state to 
unknown or changing state VX xX 
Transition from high-impedance 
state to valid state ZV V 


Note Since subscripts C and E may be abbreviated, and stnce subscripts B and D 


may contain an indeterminate number of letters, it is necessary to put the 
restriction on the subscripts B and D that they should not end with H, L, 
V,X, or Z, so as to avoid possible confusion 
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6. SUBSCRIPT F (For Additional Information) 


If necessary, subscript F is used to represent any addi- 
tional qualification of the parameter such as mode of 
operation, test conditions, etc. The letter symbols for 
subscript F are given below. 

Subscript F should be in upper-case. 


f 


Modes of operation Subscript 
Power-down PD 
Page-mode read PGR 
Page-mode write PGW 
Read R 
Refresh RF 
Read-modify-write RMW 
Read-write RW 
Write W 
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FOR DIGITAL INTEGRATED CIRCUITS 








Fortner symbol Parameter —definition 
C, Input capacitance 
Co Output capacitance 
Ci/o input/output terminal capacitance 
Ci(¢) Input capacitance of clock input 
f Frequency 
f (g) Clock frequency 


| Current—the current into an integrated circuit terminal 1s defined as a positive value and the current out of a terminal is defined as a negative value 





BB Supply current from Veg 

| BBC AV) Average supply current from Veg 
lcc Supply current from Vcc 

ICc(Av) Avarage supply current from Vcc 
1'CC(PD) Power down supply current from Vcc 
lop Supply current from Vop 

I DD(AV) Average supply current from Voo 
loc Supply current from Veg 

1GG(AV) Average supply current from Vgcg 


1 Input current 


lin High-level input current—the value of the input current when Voy ts applied to the input considered 

Wie Low levei input current—the value of the input current when Vo, ts applied to the input considered 

lLoap Built-in resistor current 

lpEak Peak current 

lou High-level output current—the value of the output current when Voy !s applied to the output considered 

lot Low-level output current—the value of the output current when Vo _ is applied to the output considered 

loz Off-state (high-impedance state) output current—the current into an output having a three-state capability with input condition so applied that 


it will establish according to the product specification, the off (high-impedance) state at the output 











1OZH Off-state (high-impedance state) output current, with high-level voltage applied to the output 

loz- Off-state (high-impedance state) output current, with low-level voltage applied to the output 

los Short-circuit output current 

Iss Supply current from Veg 

Pd Power dissipation 

New Number of erase/write cycles 

Nra Number of read access unrefreshed \ 

R, Input resistance 

Re External load resistance 

Rorre Off-state output resistance 

Ron On-state output resistance 

ta Access time—the time tnterval between the application of a specified input pulse during a read cycle and the availability of valid data signal at an output 
taca) ta( apd) Address access time—the time interval between the application of an address input pulse and the availability of valid data signals at an output 
ta(CAs) Column address strobe access time 

tae) ta (cE) Chip enable access time 

ta (G) ta (oe) Output enable access time 

ta (PR) Data access time after program 

ta (RAS) Row address strobe access time 

ta (Ss) ta(cs) Chip select access time 

to Cycle time 

tor tc(RpD) Read cycle time—the time interval between the start of a read cylce and the start of the next cycle 

tcrF tc (REF) Refresh cycle time—the time interval between successive signals that are intended to restore the level ina dynamic memory cell to its original level 
tcpecG tc (pac) Page-mode cycle time 
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New symbol 





tcorRmMw 


tow 

td 

td(g) 

Td (CAS-RAS) 
td (CAS-w) 
td (RAS-CAS) 
td (RAS-wW) 
tdis(R-Q) 
tdis(s) 
tdis(w) 
tOHL 
tDoLH. 

ten (a-Q) 
Ten(R-Q) 
ten(s-a) 


th(cas-ca) 
th(cas-D) 
th(cas-a) 
th (cas-Ras) 
th(cas-w) 
th(p) 
th(p-PR) 
the) 
th(e-p) 
th(e-G) 
thr) 

Thc RAS-CA) 
Uh(RAs-cas) 
th (RAS-D) 
th RAS-w) 
th(s) 
thcw) 
th(w-cas) 
Th(w-D) 
th(w-RAS) 
teYL 
tPLH 

tr 

trec(w) 
trec(pp) 


tsu 


tsu(a) 


Former symbol Parameter—definition 


tc( RMR) 


tocwrR) 


td(cas wR) 


td(RAS-wR) 
tdis(R-DA) 
tpxz(cs) 


tepxz( wr) 


tpzv(a-DQ) 
tezv(R-DQ) 


tpzx(cs-p9) 


thc apd) 
th(ao-ce) 


th(av-PRO) 


th (CAS-DA) 
th cas-our) 


Uh (cas-wr) 
th (pa) 

th (DA-PRO) 
th (ce) 
th(CE-DA) 
th (CE-OF) 
th RD) 


th (RAS-DA) 
th (RAS-WR) 
thccs) 
th(wr) 
th(wR-CASs) 
Uh(WR-DA) 


thc wrR-RAS) 


tsu(abD) 


Read-modify-write cycle time—the time interval between the start of a cycle in which the memory 1s read and new data ts entered, and the start of 
the next cycle 

Write cycle time—the time interval between the start of a write cycle and the start of the next cycle 

Delay time—the time between the specified reference points on two pulses 

Delay time between clock pulses—e g , symbology, delay time, clock 1 to clock 2 or clock 2 to clock 1 

Delay time, column address strobe to row address strobe 

Delay time, column address strobe to write 

Delay timé, row address strobe to column address strobe 

Delay time, row address strobe to write 

Output disable time after read 

Output disable time after chip select 


Output disable time after write 


the time interval between specified reference points on the input and on the output pulses, when the output 1s 
going to the low (high) level and when the device ts driven with a specified loading networks 


High-level to low-level delay time 
Low-level to high-level delay time 
Output enable time after address 
Output enable time after read 
Output enable time after chip select 
Fall time 

Hold time—the interval of time during which a signal at a specified input terminal appears after an active transition occurs at another specified input terminal 
Address hold time 

Chip enable hold time after address 

Program hold time after address 

Column address hold time after column address strobe 

Data-in hold time after column address strobe 

Data-out hold time after column address strobe 

Row address strobe hold time after column address strobe 

Write hold time after column address strobe 

Data-in hold time 

Program hold time after data-in 

Chip enable hold time 

Data-in hold time after chip enable 

Output enable hold time after chip enable 

Read hold time 

Column address hold time after row address strobe 

Column address strobe hold time after row address strobe 

Data-in hold time after row address strobe 

Write hold time after row address strobe 

Chip select hold time 

Write hold time 

Column address strobe hold time after write 

Data-in hold time after write 

Row address hold time after write 


High-level to low-level propagation time the time interval between specified reference points on the input and on the output pulses when the 


output Is going to the low (high) level and when the device 1s driven and loaded by typical devices 


Low-level to high-level propagation time of stated type 


Rise time 


Write recovery time—the time interval between the termination of a write pulse and the initiation of a new cycle 
\ 


Power-down recovery time 
Setup time—the time interval between the application of a signal which is maintained at a speciifed input terminal and a consecutive active 
tarnsition at another specified input terminal 


s 


Address setup time 
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New symbol |Former symbol 


tsu(a-E) 
tsu(a-w) 
tsu(ca-RAS) 
tsu(p) 
tsu(p-e) 
tsu(p-w) 
tsuce) 
tsu(e-P) 
tsu(G-E) 
tsu(p-e) 
tsu(Pp) 
tsucR) 
tsu(A-cas) 
Tsu (Ra-CAS) 
tsu(s) 
tsu(s-w) 
tsu(w) 
CTHL 
tTLH 

tv (A) 

tv (e) 
tv(E)PR 
tv (a) 

tv (PR) 
tvs) 

tw 
tw(e) 

tw (EH) 
tw(EL) 
twcpr) 
tw rR) 
twos) 
twow) 


two) 
Ta 


Topr 
Tstg 
VBB 
Vcc 
Vop 
Vac 
V\ 
VIH 
ViL 
Vo 
VOH 
VoL 
Vss 














tsu(Aad-CE) 


tsu(AD-wR) 


tsu(pa) 
tsu(DA-CE) 
tsu(DA-wR* 
tsu(ce) 
tsu(CE-P) 
tsu (0E-cE) 
tsu(P-CE) 


tsu(rRp) 


Tsu (RA-CAS) 


tsuc(cs) 
tsu(cs-wr\) 


tsu(wrR) 


Udv (ad) 
ldv (cE) 
tv (cE)PR 
tv (oe) 


tv(cs) 


tw(ce) 
tw(CeEH) 


tw(eEL) 


tw rp) 
twcs) 


tw wr) 











Parameter—definition 


Chip enable setup time before address 

Write setup time before address 

Row address strobe setup time before column address 
Data-in setup time 

Chip enable setup time before data-in 

Write setup time before data in 

Chip enable setup time 

Precharge setup time before chip enable 

Chip enable setup time before output enable 

Chip enable setup time before precharge 

Power-down setup time 

Read setup time 

Column address strobe setup time before read 
Column address strobe setup time before row address 
Chip select setup time 

Write setup time before chip select 

Write setup time 


High-level to low-level transition time the time interval between specified reference points on the edge of the output pulse when the output 1s 


going to the low (high) level and when a specified input signal is applied through a specified network and 


Low-level- to high-level transition time the output is loaded by another specified network 


Data valid time after address 

Data valid time after chip enable 

Data valid time after chip enable in program mode 

Data valid time after output enable 

Data valid time after program 

Data valid time after chip select 

Pulse width (pulse duration) the time interval between specified reference points on the leading and training edges of the waveforms 
Chip enable pulse width 

Chip enable high pulse width 

Chip enable low pulse width 

Program pulse width 

Read pulse width 

Chip select pulse width 

Wrtie pulse width 

Clock pulse width 

Ambient temperature 

Operating temperature 

Storage temperature 

Veep supply voltage 

Vcc supply voltage 

Vop supply voltage 

Voc supply voltage 

Input voltage 

High-level input voltage—the value of the permitted high-state voltage at the input 
Low-level input voltage—the value of the permitted low-state voltage at the input 
Output voltage 

High-level output voltage—the value of the guaranteed high-state voltage range at the output 


Low-level output voltage—the value of the guaranteed low-state voltage range at the output ~ 


_ Vgg supply voltage 2 


Note 1. These letter symbols are based on the IEC publication 148 except a part of them 
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1 INTRODUCTION 

IC & LSI have made rapid technical progress in electrical 
performances of high integration, high speed, and sophisti- 
cated functionality. And now they have got boundless wider 
applications in electronic systems and electrical ap- 
pliances. 

To meet the above trend of expanding utilization of IC & 
LSI, Mitsubishi considers that it is extremely important to 
supply stable quality and high reliable products to cus- 
tomers. 

Mitsubishi Electric places great emphasis on quality as a 
basic policy “Quality First”, and has striven always to im- 
prove quality and reliability. 

Mitsubishi has already developed the Quality Assurance 
System covering design, manufacturing, inventory and de- 
livery for IC & LSI, and has supplied highly reliable pro- 
ducts to customers for many years. The following articles 
describe the Quality Assurance System and examples of 
reliability control for Mitsubishi Single-chip 8-bit Micro- 
computer. 


2. QUALITY ASSURANCE SYSTEM 

The Quality Assurance System places emphasis on built-in 
reliability in designing and built-in quality in manufacturing. 
The System from development to delivery is summarized in 
Fig. 1. 


2.1 Quality Assurance in Designing 

The following steps are applied in the designing stage for a 

new product. 

(1) Setting of perfomance, quality and reliability target for 
new product. 

(2) Discussion of performance and quality for circuit de- 
sign, device structure, process, material and package. 

(3) Verification of design by CAD system to meet standar- 
dized design rule. 

(4) Functional evaluation for bread-board device to confirm 
electrical performance. 

(5) Reliability evaluation for TEG (Test Element Group) 
chip to detect basic failure mode and investigate fai- 
‘lure mechanism. 

(6) Reliability test (In-house qualification) for new product 
to confirm quality and reliability target. 

(7) Decision of pre-production from the standpoint of per- 

formance, reliability, production flow/conditions, pro- 
duction capability, delivery and etc. 


2.2 Quality Assurance in Manufacturing 

Quality assurance in manufacturing is performed as follows. 

(1) Environment control such as temperature, humidity and 
dust as well as deionized water and utility gases. 

(2) Maintenance and calibration contro! for automatized 
manufacturing equipments, automatic testing equip- 
ments, and measuring instruments. 


(3) Material control such as silicon wafer, lead: frame, 
packaging material, mask and chemicals. 

(4) In-process inspections in wafer-fabrication, assembly 
and testing. | 

(5) 100% final inspection of electrical characteristics, 
visual inspection and burn-in, if necessary. 

(6) Quality assurance test 
-Electrical characteristics and visual inspection, lot by 
lot sampling | 
-Environment and endurance test, periodical sampling. 


(7) Inventory and shipping control, such as storage en- 


vironment, date code identification, handling and ESD 
(Electro Static Discharge) preventive procedure. 


2.3 Reliability Test 

To verify the reliability of a product as described in the Mit- 
subishi Quality Assurance System, reliability tests are per- 
formed at three different stages in new product develop- 
ment, pre-production and mass-production. 

At the development of a new product the reliability test 
plan is fixed corresponding to the quality and reliability 
target of each product, respectively. The test plan includes 
in-house qualification test and TEG evaluation, if necessary. 
TEG chips are designed and prepared for new device 
structure, new process and new material. 

After the proto-type product has passed the in-house qual- 
ification test, the product advances to the pre-production. In 
the pre-production stage, the specific. reliability tests are 
programmed and performed again to verify the quality of 
pre-production product. 

In the mass production, the reliability tests are performed 
periodically to confirm the quality of the mass production 
product according to the quality assurance test program. 
Table 1 shows an example of reliability test program for 
plastic encapsulated IC & LSI. 


Table 1. TYPICAL RELIABILITY TEST PROGRAM 


FOR PLASTIC ENCAPSULATED IC & LSI 


Soldering heat 
Thermal shock 
250gr, 90°, 2arcs 
1500G, 0. 5msec. 
20G, 100~2000Hz 
X, Y, Z direction 
4min./cycle, 4cycles/direction 


Constant acceleration 20000G, Y direction, Imin. 


; Ta=125C, Vecmax 


High femperatute Ta=150°, 1000hours 
storage life 


High temperature and : 7 
0 
high humidity 85°C , 85%, 1000hours 


121°C, 100%, 100hours 




























Temperature cycling 


3 Lead fatigue 








Vibration 
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PRODUCTION | MANUFACTURING 
ENGINEERING ASSURANCE CONTROL 
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DESIGN/DEVELOPMENT 





QUALIFICATION (1) 


» N/DEVELOPMENT/ 

DESIGN REVIEW. 
= 
CHARACTERIZATION 


ee) 
DECISION OF PRE-PRODUCTION 


PREPARATION 
OF SPECS / 
INSTRUCTION 


PRE-PRODUCTION 



















QUALIFICATION (2) 


DECISION OF MASS PRODUCTION 


PRODUCTION 


PRE- 





MATERIAL 
INCOMING 
TEST 
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Fig.1 FLOW CHART OF QUALITY ASSURANCE SYSTEM 
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2.4 Returned Product Control 

When failure analysis is requested by a customer, the 
failed devices are returned to Mitsubishi Electric via the 
sales office of Mitsubishi using the form of “Analysis Re- 
quest of Returned Product” 

Mitsubishi provides various failure analysis equipments to 
analyze the returned product. A failure analysis report is 


RETURNED PRODUCT 
ISSUE ANALYSIS REQUEST 
FOR RETURNED PRODUCT 


FAILURE ANALYSIS 


generated to the customer upon completion of the analysis. 
The failure analysis result enforces taking corrective action 
for the design, fabrication, assembly or testing of the pro- 
duct to improve reliability and realize lower failure rate. 

Fig. 2 shows the procedure of returned product control from 
customer. 


—-—--—--—--~~-------4 


[ACCEPTANCE 


— ee see eee oe ee ee ee ee ee 0 de Ge | ORES SE SE GD 6 SE 


VISUAL INSPECTION 


ELECTRICAL 
CHARACTERISTICS TEST 


CLASSIFICATION OF 
FAILURE MODES 


ACCEPTANCE 


EJECTION 








ie a 


INTERNAL VISUAL 
INSPECTION 
CHIP ANALYSIS 


SIMULATION TEST 
ELECTRICAL 
CHARACTERISTICS TEST 







REPORT 
GENERATION 


CORRECTIVE ACTION 






CONFIRMATION 
OF QUALITY 





REPORT TO 

CUSTOMER - 
FIXED CORRECTIVE ACTION 

PREVENTIVE MEASURES 


Fig.2 PROCEDURE OF RETURNED PRODUCT CONTROL 
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3 RELIABILITY TEST RESULTS | 
The reliability test results for Mitsubishi Single-chip 8-bit 
Microcomputers are shown in Table 2, Table 3 and Table 4. 
Table 2 shows the result of endurance tests of high tempar- 
ature operation life and high temperature storage life test 


for representative types of Single-chip 8-bit Microcompu- 
ters. : 


Table 2. ENDURANCE TEST RESULTS 


Type Number | Test Conainon | Nummees ot | Seve 
22 


M38002M2-XXXFP | 22, | = 22000 
M38063M6-XXXFP 
M38102M5-XXXSP 

. M38112M4-XXXSP 

38000 Series 

M38173M6-XXXFP 
M38002E4-XXXFP 
M38173E6-XXXFP 





Number of 
Failures 


















High Temperature 
Operation Life 


37450 Series 


M37451E8DXXXSP 


M37470M2-XXXSP 
M37470M8-XXXSP 
: M37471M8-XXXSP 
37470 Series 
M37470E8-XXXSP 
M37471E4-XXXSP 


M37471E8-XXXSP 
M38002M2-XXXFP 


M38063M6-XXXFP 
M38102M5-XXXSP 
M381 12M4-XXXSP 
M381 73M6-XXXFP 
M38002E4-XXXFP 
















38000 Series 








High Temperature 
Storage Life 


M38063E6-XXXFP 
M381 73E6-XXXFP 
M37450M8-XXXFP 
















M37451M4-xXXXSP 
M37450E4-XXXSP 


M37451E8-XXXSP 


M37470M8-XXXSP 


M37471M8-XXXEP 
M37470E4-XXXSP 
M37471E8-XXXSP 
M38063M6DXXXFP 
38 
Cee eee M38063E6DXXXFP 


: M37450M4TXXXSP 
37450 Series 
‘ M37451E8DXXXSP 





37450 Series 


































37470 Series 












Low Temperature 


: —55C 5. 5V 
Storage Life 
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Table 3 shows the results of the environment tests of ther- durance tests. 
mal stress high temperature/high humidity and pressure Table 4 shows the results of mechanical tests for repre- 
cooker test for the same type of products in regards to en- sentative products of various package types. 


Table 3. ENVIRONMENTAL TEST RESULTS 
















M38102M5-XXXSP 










38000 Series 


M38063E6-XXXFP 
M38102E5-XXXFP 


M37450M8-XXXFP 
M37451M4-XXXSP 


M37450E4-XXXSP 
M37451E8-XXXSP 


M37470M8-XXXSP 
M37471M8-XXXFP 
M37470E4-XXXFP 


M37471E8-XXXSP 
Type Number 


M38002M2-XXXFP 
M38063M6-XXXFP 
M38102M5-XXXSP 
; M38112M4-XXXSP 
38000 Series 
M38173M6-XXXFP 
M38002E4-XXXFP 


M38063E6-XXXFP 
M381 73E6-XXXFP 


P k 100% RH 
Pose Ure Le GOnet M37450M8-XXXFP a 


M37451M4-XXXSP 
37450 Series 
M37450E4-XXXSP 
M37451E8-xXXXSP 
M37470M8-XXXSP 
M37471M8-XXXSP 
37470 Series 
M37470E4-XXXSP 
M37471E8-XXXSP 0/22 0/22 —_ 


0/22 

0/22 
0/22 0/22 

| o/e2 | 0/22 | 0/2 


wre MISES 











High Temperature 


85°C 85%RH 5.5V 
High Humidity Life ee 
















37450 Series 
















37470 Series 








































Series 





Type Number 
M38002M2-XXXFP 
M38063M6-XXXFP 
M38102M5-XXXSP 
M38112M4-XXXSP 
M38002E4-XXXFP 


M37451 E8-XXXSP 
M37470M8-XXXSP 


Test Condition 




























38000 Series 





























Temperature Cycling —€65°C ~150°C 












37450 Series 





M37471M8-XXXFP 
M37470E4-XXXSP 
M37471E8-XXXSP 





37470 Series 
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Table 4. MECHANICAL TEST RESULTS 


Soldering Heat 















Test Condition 





260° 10sec 




















—40°C~125  15cycle 0/110 | 0/110 | 0/110 | 0/110 | 0/110 | 0/110 | 0/110] 
0/110 | 0/110 | 0/110} 
a/nt0 9/00/10 
0/110 0/110 
20000G YY; direction minute 0/110 | 0/110 | 0/110 | 0/110 | 0/110 | 0/110 | 0/110 
0/110 
isaaineaty 
4 FAILURE ANALYSIS Au-Al intermetallic formation so-called “Purple plague” 
Accelerated reliability tests are applied to observe failures by thermal overstress makes Au wire lift off from alumi- 
casued by temperature, voltage, humidity, current, mecha- num metallization. The activation energy of this failure 
nical stress and those combined stresses on chips and _ mode is estimated approximately 1.0eV and no failure 
packages. has been observed so far in practical uses. 
Examples of typical failure modes are shown below. (2) Aluminum Corrosion Failure by Temperature/Humidity 
(1) Wire Bonding Failure by Thermal Stress Stress. 
Fig. 3, Fig. 4 and Fig. 5 are example of a failure occur- Fig. 6, Fig 7 and Fig. 8 are an example of corroded fa- 
red by temperature storage test of 225'C, 1000hours. ilure of aluminum metallization in plastic encapsulated 


IC after accelerated temperature/humidity storage test 


ae (pressure cooker test) of 121°C , 100% RH, 1000hours 
g. 








4 Micrograph of duration. _ 
lifted Au ball trace Aluminum bonding pad is dissolved by penetrated wa- 
| on Al bonding pad ter from plastic package, and chlorine concentration is 
observed on corroded aluminum bonding pad as shown 


in Fig. 8. 


Fig.4 Fig.5 
Au-Al plague formation Lifted Au wire ball base ae 
on bonding pad . Fig.6 


Micrograph of corroded 
Aluminum metallization 
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Fig.7 
Enlarged 
micrograph 
of corroded 
Aluminum 
bonding pad 


Ue Fig.8 
mm Cl 
distribution 
on corroded 
Aluminum 
bonding pad 





(3) Destructive Failure by Electrical Overstress 
ESD have been performed to reproduce the electrical 
overstress failure in field uses. 
Fig. 9 and Fig. 10 are an example of failure observed 
by surge voltage test. The trace of destruction is veri- 
fied as the aluminum bridge by X-ray micro analysis. 


Fig.9 
Micrograph of surge 
voltage destruction 


SURGE 
‘ 
«+ *BESTRUCTION 
i \ 
TN Ott vi 


Ny 


Fig.10 
Aluminum trace 
of destructive spot 


\ 





(4) Aluminum Electromigration 
Fig. 11 shows an open circuit of aluminum metallization 
in high current density region caused by accelerated 
operating life test. This failure is caused by the -alumi- 
num electromigration. Voids and hillock have been 
formed in aluminum metallization by high current de- 
nsity. 


Fig.11 

Voids and 
hillocks 
formation 

by Aluminum 





5 SUMMARY 
The Mitsubishi quality assurance system and examples of 
reliability control have been discussed. Customer's interest 
and requirement for high reliable IC & LSI are increasing 
significantly. To satisfy customer’s expectancy. Mitsubishi 
as an IC vendor, would like to make perpetual efforts in the 
following areas. 

(1) Emphasis on built-in reliability at design stage and re- 
liability evaluation to investigate latent failure modes 
and acceleration factors. 

(2) Execution of periodical endurance, environment and 
mechanical test to verify reliability target and realize 
higher reliability. 

(3) Focus on development of advanced failure analysis 
techniques. Detail failure analysis, intensive corrective 
action and quick response to customer's analysis re- 
quest. 

(4) Collection of customer's quality data in qualification, in- 
coming inspection, production and field use to improve 
PPM, fraction defective and FIT, failure rate. 

Mitsubishi would highly appreciate if the customer would 

provide quality and reliability data of incoming inspection or 

field failure rate essential to verify and improve the quality/ 
reliability of IC & LSI. 
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A MOS transistor has a very thin oxide insulator under the 
gate electrode on the silicon substrate. It is operated by 
altering the conductance (g,,,) between source and drain to 
mobile charges in the channel formed by the 
applied gate voltage. 


control 


If a high voltage were applied to a gate terminal, the 
insulator-film under the gate electrode could be destroyed, 
and all Mitsubishi MOS IC/LSIs contain internal protection 
circuits at each input terminal to prevent this. It is inherent- 
ly necessary to apply reverse bias to the P-N junctions of a 
MOS IC/LSI. 

Under certain conditions, however, it may be impossible 
to completely avoid destruction of the thin insulator-film due 
to the application of unexpectedly high voltage or thermal 
destruction due to excessive current from a forward biased 
P-N junction. Therefore the following recommendations 
should be followed in handling MOS devices. 


1. KEEPING VOLTAGE AND CURRENT TO 
EACH TERMINAL BELOW MAXIMUM 
RATINGS 


1. The recommended ranges of operating conditions 
provide adequate safety margins. Operating within these 
limits’will assure maximum equipment performance and 
quality. 

2. Forward bias should not be applied to any terminal since 
excessive current may cause thermal destruction. 

3. Output terminals should not be connected directly to 
the power supply. Short-circuiting of a terminal to a 
power supply having low impedance may cause burn-out 
of the internal leads or thermal destruction due to 
excessive current. 


9. KEEPING ALL TERMINALS AT THE 
SAME POTENTIAL DURING TRANSPORT 
AND STORAGE 


When MOS IC/LSIs are not in use, both input and output 
terminals can be in avery high impedance state so that they 
are easily subjected to electrostatic induction from AC 
fields of the surrounding space or from charged objects 
in their vicinity. For this reason, MOS IC/LSIs should be 
protected from electrostatic charges while being transported 
and stored by conductive rubber foam, aluminum foil, 
shielded boxes or other protective precautions. 


3. KEEPING ELECTRICAL EQUIPMENT, 
WORK TABLES AND OPERATING 
PERSONNEL AT THE SAME POTENTIAL 


1. All electric equipment, work table surfaces and operat- 


. Current 


ing personnel should be grounded. Work tables should 
be covered with copper or aluminum plates of good 
conductivity, and grounded. One method of grounding 
personnel, after making sure that there is no potential 
difference with electrical equipment, is by the use of a 
wristwatch metallic ring, etc. attached around the wrist 
and grounded in series with a 1m resistor. Be sure that 
the grounding meets national regulations on personnel 
safety. 

leakage from electric equipment must be 
prevented not only for personnel safety, but also to 
avert the destruction of MOS IC/LSIs, as described 
above. Items such as testers, curve-tracers and synchro- 
scopes must be checked for current leakage before being 
grounded. 


PRECAUTIONS FOR MOUNTING OF 
MOS IC/LSIs 


. The printed wiring lines between input and output ter- 


minals of MOS IC/LSIs should not be close to or parallel 
to high-voltage or high-power signal lines. Turning pow- 
er on while the device is short-circuited, either by a sol- 
der bridge made during assembly or by a probe during 
adjusting and testing, may cause maximum ratings to be 
exceeded, which can result in the destruction of the 
device. 


. When input/output, or input and/or output, terminals 


of MOS IC/LSIs (now open-circuits) are connected, 
we must consider the possibility of current leakage and 
take precautions similar to §2 above. To reduce such 
undesirable trouble, it is recommended that an interface 
circuit be inserted at the input or output terminal, or a 
resistor with a resistance that does not exceed the 
output driving capability of the MOS IC/LSI be inserted 
between the power supply and the ground. 


._A filter circuit should be inserted in the AC power 


supply line to absorb surges which can frequently be 
strong enough to destroy a MOS IC/LSI. 


. Terminal connections should be made as described in the 


catalog while being careful to meet specifications. 


. Ungrounded metal plates should not be placed near 


input or output terminals of any MOS ‘IC/LSIs, since 
destruction of the insulation may result if they become 
electrostatically charged. 


. Equipment cases should provide shielding from electro- 


static charges for more reliable operation. When a plastic 
case is used, it is desirable to coat the inside of the case 
with conductive paint and to ground it. This is considered 
necessary even for battery-operated equipment. 
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Series 38000 Index by Function 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





MiTypical type 


1/O port Rune Interrupt 
Clock Shortest (number) cause 
instruction 
oscillation 


execution 


i Package 
Baran ing Clock- 8-bit 
Mite) (us) UART/Glock- | es vnchronized EM External 
é synchronized Y 
(bitX number) 


Group name 


poe ee eee 
| [= 7 Te | s0pen/eores 


















Function 


oe breakdown. FLP 
b| Crumben controller Package 
cloc om 
1/0 |Segment 
64P4B/ 
28 
64P6N 
64P4B/ 
28 8~16 8~16 4 
64P6N 


ope |e [ene [aie [3 [2] pen 
Cota [ia | exes | ante [5 | 12 | 1oores 












1/O port 





























synchronized j data transfer 


8-bit | 14-bit 
(bitXnumber) 


External 


function 
(bitXnumber) 





5 (number) 

8 Timer 

3 bitXnumber With an 
S ( Clock- aitottic 
x 

8 

© 





> 


Te 


ape] xe | pea | ae | 
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DESCRIPTION FEATURES 
The M3800x group is made up of 8-bit microcomputers @ Basic machine-language instructions -*--::*-77srrete 71 
based on the MELPS 740 core. @ Instruction execution time: 0.5us 
The M3800x group is designed for office automation equip- (shortest instruction at 8MHz oscillation frequency) 
ment, household appliances and include four timers, serial @ Memory size 
1/O function. '=Y@) \\, REE 4K to 32K bytes 
The various microcomputers in the M3800x group include 7.\ \, Cee eee 192 to 1024 bytes 
variations of internal memory size and packaging. For de- @ Programmable input/output ports ose rr ee 58 
tails, see the section on part numbering. @ Interrupts creer ttt 15 sources, 15 vectors 
For details on availability of microcomputers in the M3800x @ Timers eee 8 bitx4 
group, see the section on group expansion. @ Serial I/O::-::-::: 8-bitX 1(UART or Clock-synchronized ) 
@ Clock generation circuit::::-:: Internal feedback amplifier 
~ (connect to external ceramic resonator or quartz crystal) 
e Supply (0: |: (9 | > aC 3.0 to 5.5V 
@ Low power dissipation -:-:crecrescrsertseee see eeeeeeen eens 32mW 
@ Memory expansion possible 
@ Operating temperature range «st —20 to 85°C 
APPLICATIONS 


Office automation, factory automation, household ap- 
pliances, and other consumer applications, etc. 


PIN CONFIGURATION (TOP VIEW) 


ie] 
1 
2 
3 
4 
5 


+> PO;/AD; 
+> P03/AD3 
+> P0Os/ADs 
+> POs/ADg 


|=|++ PO7/AD7 


5 | - P19/ADg 
+> P1,/ADg 


++ P1>/AD 
+ P13/AD 
++ P14,/AD 
+ P15/AD 
+ P16/AD 
+ P17/AD 


3 | _ P0,5/ADo 


S 
~~ 


1a)+» PO2/ADo 


> 
on 


Ela P0O4/AD4 


eS | 
i 
fa 
| 3 | 
Ei 
gi 
El 
Ey 
[33 | 


P37/RD + [29] +> P2/DBy 
P3./WR +> +> P2,/DB, 
P3<./SYNC + ++ P2,/DB> 


+> P2;3/DB3 
+ P2,/DB, 
+ P2;/DBs 
+ P2,/DB, 


M38002M4-XXXFP ++ P27/DB, 


++ P4,/INTo 


= 
S| 


= 
=| 


! 
Q 
x< 
cc 
SN 
+ 
vt 
a 


P52/INT, + [2] 
P45/TxD + 
P43/INT; +> la] 


P5,/INT3 + 


f 
a 
O 
Y) 
XN 
© 
v 
oO 


P55/CNTR, ++ [2] 
P54/CNTRg + 
P47/Srpy 


Package type - 64P6N 
64-pin plastic-molded QFP 
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PIN CONFIGURATION (TOP VIEW) 


P5, - 


P5s/CNTR, +> 
P5,/CNTRo +> 


P5,/INTs 
P5./INT, 
P5,/INT3 <> 
P5o/INT> + 
P4,/Srpy 
P46/Scik + 
P4;/T,D + 
P4,/R,D + 
P4,/INT, «> 
P4,/INTy 
CNVss > 
RESET > 
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dSXXX-vVNZO08EWN 


+ P33/RESET out 


+> P3,/ ¢ 


+> P3;/SYNC 


+> P3,/WR 
+> P3,/RD- 
+> P0o/ADo 
+> P0,/AD, 
+> P0,/AD> 
+> P03/AD3 
+> P0,/AD, 
+> P0;/ADs 
++ P0,/ADg 
+> P0,/AD, 
+> P1,/ADs 
++ P1,/ADz 
+> P1,/ADi9 
+> P13/AD,, 
+> P1,/ADy> 
+> P15/ADi3 
+> P1,6/ADi4 
+> P17/ADi5 
++ P2)/DBo 
+> P2,/DB, 
«> P2,/DBe 
+> P2,/DB; 
+> P2,/DB, 
+> P2./DBs 
+> P2,/DBg 
+> P2,/DB, 


Package type . 64P4B 


64-pin shrink plastic-molded DIP 





9 MITSUBISHI 
ELECTRIC 





oy 


FUNCTIONAL BLOCK DIAGRAM (Package : 64P4B) 
















Clock input Clock output Reset input 
Xin Xout Vss Voc RESET CNVss 
na icaeliainiaeld mic aa celal @ = 





Clock generation 
circuit 





Timer 1(8) 


Timer 2(8) 


Timer X(8) 


Timer Y(8) 






CNTR, 


Fain 
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I/O port P7 I/O port P6 1/O port P5 I/O port P4 I/O port P3. 1/O port P2 1/O port P1 I/O port PO 
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PIN DESCRIPTION 


Function 
Alternate Function 


Cc Power supply Power supply inputs 3 0 to 5 5V to Vcc, and OV to Vsg 


P1 








V 
CNVss CNVss This pin controls the operation mode of the chip. Normally connected to Vsg If this pin is connected to Vcc, the internal 
ROM is inhibited and external memory |s accessed. 
RESET Reset input To reset the microcomputer, this pin should be kept at an “L” level for more than 2us under normal operating condi- 
tions 
X 





Cc 
Clock input Input and output signals for the internal clock generation circuit. Connect a ceramic resonator or quartz crystal between 
the Xin and Xour pins to set the oscillation frequency If an external clock is used, connect the clock source to the Xin 
Clock output pin and leave the Xour pin open 
PO g— PO; | I/O port PO An 8 bit CMOS |/O port An I/O direction register allows each pin to be individually programmed as either input or out- 
put At reset this port is set to input mode 
170 port P1 In modes other than single-chip, these pins are used as address, data, and control bus I/O pins 
P2,9—P27 | I/O port P2 
P359— P37 | I/O port P3 
P45, P4, I/O port P4 An 8-bit CMOS 1/0 port with the same function as port PO 





P4./INTo, External interrupt input pins 
P43/INT, 


P4,/R,D, 
P4;/T,xD, 
P46/Scik; 
P47/Srppy 


Serial 1/O I/O pins 









P59/INT2—}| I/O port PS An 8-bit CMOS I/O port with the same function as port PO | External interrupt input pins 
P53/INTs5 


P5,/CNTRo, 
P5./CNTR, 


Timer X and Timer Y I/O pins 





P56, P57 
P6)—P6,7 | I/O port P6 An 8-bit CMOS 1/O port with the same function as port PO 
P75, P74 1/O port P7 An 2-bit CMOS I/O port with the same function as port PO 


* 
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PART NUMBERING 


Product name M3800 


ih Package type 


SP: 64P4B package 

FP: 64P6N package ~ 

SS: 64S1B package 

FS: 64D0 package 
ROM number 


Omitted in some types. 


ROM/PROM size 
1: 4096 bytes 
8192 bytes 

12288 bytes 

4° 16384 bytes 

20480 bytes 

24576 bytes 

28672 bytes 

32768 bytes 


The first 128 bytes and the last two bytes of ROM 
are reserved areas, they can not be used 


Memory type 


M. Mask ROM version 
E EPROM or one-time programmable version 


RAM size 

. 192 bytes 
256 bytes 
384 bytes 
512 bytes 
640 bytes 
768 bytes 
896 bytes 
1024 bytes 


NO oO em W DY — CO 
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GROUP EXPANSION (2) Packages 

Mitsubishi plans to expand the M3800x group as follows: OARAB = oeteieninttarorerctea: Shrink plastic molded DIP 

(1) Support for mask ROM, one-time programmable, and BA PEN iss setode oochepuebandos oceecaoes canes Plastic molded QFP 
EPROM versions 64S1 B ee ee ee ee rir Shrink ceramic DIP 
ROM/PROM capacity --:--:--ss sree 8K to 32K bytes (Fl Bt eee ee eee eT ere ree Ceramic LCC 
RAM capacity heme ecm cere een nceassereeacvccsee 384 to 1024 bytes 


Memory expansion plan 


ROM size (bytes) 
32K 


28K — oe —— eed does ee ee ; 
| : New product 3 ! } 


: (CM38003M6/E6)) $----------0 es feeceteteeeedieeeeetes : 


: M6: Under development 


New product 


1 ‘ ‘ ‘ ‘ 
’ ‘ ' ‘ ‘ 1 . 
TOTTI TTT TOTTI TTT TTT TTT TTT TTT Te TTC TTT TTC ee hn en. nnn nnn nn enn nn nn nnn) 
’ ‘ ' ‘ 1 7 


New product 


pensceeceeeeone +(CM38002M2/E2)) f------------ Dr sesthartees et fovecceseseee i 


192 256 384 512 640 
RAM size (bytes) 





The development schedule and other details of products under development may be revised without notice 
Currently supported products are listed below 
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M38002M4-XXXSP 


M38002E4-XXXSP 
M38002E4SP 
M38002M4-XXXFP 
M38002E4-XXXFP 
M38002E4FP 
M38002E4SS 






























M38004M8-XXXSP 
M38004E8-XXXSP 


M38004E8SP 
M38004M8-XXXFP 
M38004E8-XXXFP 
M38004E8FP 
M38004E8SS 
M38004E8FS 
M38007M4-XXXSP 
M38007E4-XXXSP 


M38007E4SP 
M38007M4-XXXFP 


M38007E4-XXXFP 
M38007E4FP 
M38007E4SS 


M38007E4FS 


32K 640 



















[Product name [(P) ROM size (bytes)| RAM size (bytes) 


64P4B 
16K 384 
64P6N 
64S1B 
M38002M2-XXXFP 


As of March 1992 


Mask ROM version 

One-time programmable version 
One-time programmable version (blank) 
Mask ROM version 

One-time programmable version 
One-time programmable version (blank) 
EPROM version 
EPROM version 
Mask ROM version 
One-time programmable version 
One-time programmable version (blank) 
Mask ROM version 
One-time programmable version 
One-time programmable version (blank) 
EPROM version 
EPROM version 
Mask ROM version 

One-time programmable version (blank) 
Mask ROM version 
One-time programmable version 
One-time programmable version (blank) 
EPROM version 
EPROM version 
Mask ROM version 
One-time programmable version 
One-time programmable version (blank) 
Mask ROM version 
One-time programmable version 
One-time programmable version (blank) 
EPROM version 
EPROM version 






























































64P6N 






































M38003E6-XXXSP 


M38003E6SP 


M38003E6-XXXFP 
ee OO 24K 512 
M38003E6FP 


M38003E6SS 
M38003E6FS 















FUNCTIONAL DESCRIPTION 

Central Processing Unit (CPU) 

Microcomputers of the M3800x group use the standard 

MELPS 740 instruction set. Refer to the table of MELPS 

740 addressing modes and machine instructions or the 

MELPS 740 Software Manual for details on the instruction 

set. 

Machine-resident MELPS 740 instructions are as follows’ 
The FST and SLW instructions are not available for use. 
The STP, WIT, MUL, and DIV instructions can be used. 


CPU Mode Register 
The CPU mode register (address 003B,,¢) contains proces- 
sor mode bits that specify the operating mode of the chip. 


The CPU mode register also contains the stack page select 


bit. 

















One-time programmable version 





One-time programmable version (blank) 


One-time programmable version 


4 






CPU mode register 
(CPUM address 003B,¢) 


Processor mode bits 
bl b0 
0 0 : Single-chip mode 


: Memory expansion mode 
. Microprocessor mode 
: Do not use 


Stack page select bit 
0 : RAM in the zero page is 
used as stack area 
1 : RAM in page 1 1s used 
as stack area 





Fig. 1 Structure of CPU mode register 
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MEMORY « Zero Page 
* Special Function Register (SFR) Area The 256 bytes from addresses 0000, to OOFF,, are cal- 
The Special Function Register area contains registers led the zero page area. The internal RAM and the spe- 
which control functions such as I/O ports and timers, and cial function registers (SFR) are allocated to this area. 
is located in the zero page area. The zero page addressing mode can be used to specify 
¢ RAM memory and register addresses in the zero page area. 
RAM is used for data storage as well for stack area. This dedicated zero page addressing mode enables ac- 
* ROM cess to this area with only 2 bytes. 
The first 128 bytes and the last two bytes of ROM are re- ¢ Special Page 
served for device testing and the rest is user area for The 256 bytes from addresses FF00;, to FFFF,, are call- 
storing programs. ed the special page area. The special page addressing 
¢ Interrupt Vector Area mode can be used to specify memory addresses in the 
The interrupt vector area contains reset and interrupt special page area. This dedicated special page addres- 
vectors. sing mode enables access to this area with only 2 bytes. 


RAM capacity rar Asie 


O1BFi6 

640 O2BFi6 
Reserved area 
| 


, Not used 


(bytes) is (common ROM area,128 bytes) 
F001. 
20004 _ 


Interrupt vector area page 


Reserved ROM area 





Fig. 2 Memory map diagram 
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Port PO direction register (POD) 
Port P1 (P1) 
Port P2 (P2) 
Port P2 direction register (P2D) 
Port P3 direction register (P3D) 


Port P5 direction register (P5D) 
Port P6 (P6) 

Port P6 direction register (P6D) 
PortP7(P7) 

Port P7 direction regi 


Timer XY mode register (TM) 


Transmit/receive buffer (TB/RB) 


Fo yy het 
Ra eee 
Interrupt request register 1 (IREQ1) 
Interrupt request register 2 (IREQ2) 
interrupt control register 1 (ICON1) 
Interrupt control register 2 (ICON2) 


) 
UART control register (UARTCON) 
Baud rate generator (BRG) 





Fig. 3 Memory map of special function register (SFR) 
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/O PORTS If data is read from a pin which is set for output, the value of 
Direction Registers the port output latch is read, not the value of the pin itself. 
The M3800x group microprocessors have 72 programmable Pins set to input are floating. If a pin set to input is written to, 


I/O pins arranged in nine I/O ports (ports PO to P7). The only the port output latch is written to and the pin remains 
I/O ports have direction registers which determine the input/ floating. 

output direction of each individual pin. Each bit in a direction 

register corresponds to one pin, each pin can be set to be in- 

put or output. When “0” is written to the bit corresponding to 

a pin, that pin becomes an input pin. When “1” is written to 

that bit, that pin becomes an output pin. 





| Pin | Name | Input/Output 1/O Format Non-Port Function Related SFRs | Ref No. | 


Input/output CMOS 3-state output} Address lower-byte ; 
Port PO a pate, : CPU mode register 
individual bits CMOS level! input output 
(1) 






Input/output, CMOS 3-state output ; 
—P2, Port P2 ee : ; Data bus 1/O CPU mode register 
individual bits CMOS level input 
input/output, CMOS 3-state output 
P37 Port P3 eee : . Control signal 1/O  -| CPU mode register 
individual bits CMOS level input 


ara a 
P4,/INT, 
P4,/R,D, Port P4 
P4,/TxD, 
P46/Scik, 
P4-/Srpy 


External interrupt Interrupt edge selection 
P5)./INTo, 


register 
P5,/INTs3, 
P52/INT4, 
P53/INTs 
P5,/CNTRo, 


POg— PO7 
Input/ output, CMOS 3-state output | Address upper-byte 

P1o—P1- Port P1 e P ; E Ey ” CPU mode register 
individual bits CMOS level input output 

P25 

P35— 







1 
(2 





input 
















CMOS 3-state output 
CMOS level input 


input/output, 
individual bits 








Serial I/O control 
Serial |/O function 1/O | register 
UART control register 


= 






-— 

























External interrupt Interrupt edge selection 
input register 
P5;/CNTR, 


Timer XY function I/O 
Pe, PS; ree a ea ae 
Input/output, CMOS 3-state output 
P6)—P6, Port P6 | nee ee a 
individual bits CMOS level input (9) 
Input/output, CMOS 3:-state output 
P7o, P7; Port P7 ee re a 
individual bits CMOS level input 


Note : For details of the functions of ports PO to P3 in modes other than single-chip mode, and how to use double-function ports as function I/O ports, 
see the applicable sections 






(7) 




















CMOS 3-state output 
CMOS level input 


input/output, 
individual bits 






Port PS 
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(1) Port PO, P1, P2, P3, P49 or P4, (2) Port P4z or P43 


register p 
pommead FY 
; Port latch LL» 












Data bus 


ees 





< 


Interrupt input 


(3) Port P4, (4) Port P4, 
Serial 1/O enable bit 
Receive enable bit 


— 

register 

k Port latch 1. 

Co 
‘< 








P-channel output disable bit 


Serial |1/O enable bit 
Transmit enable bit 


Led ; 
register 
mich 
Port latch Ie > 

C | 
ae: 


Serial I/O output 


Serial 1/O clock select bit 
Serial i/O enable bit 












Data bus 










Data bus 







Serial |1/O mode select bit 
Serial I/O enable bit 
Sroy Output enable bit 







Serial |1/O mode select bit 
Serial |/O enable bit 


Direction | 
register 


Port latch 





Data bus 


Serial clock output 
P Serial ready output 


(7) Port P59 to P53 (8) Port P5, or P5; 
_ 


Direction 
register 
Direction 
as hse 
cna Data bus Port latch 
et , awe 
1 : 
. ae 
‘4 


aes! Pulse output mode 


. Timer output 
Interrupt input 






Data bus 














Counter input 
Interrupt input 


(9) Port P5.¢, P57, P6 or P7 


Direction 

register 
Port latch A 

ees 


4 









Data bus 


Fig. 4 Port block diagram (single-chip mode) 
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INTERRUPTS 

A total of 15 sources can generate interrupts: 8 external, 6 in- 

ternal, and 1 software. 

@ Interrupt Control 
Each interrupt is controlled by an interrupt request bit, an 
interrupt enable bit, and the interrupt disable flag-except 
for the software interrupt set by the BRK instruction. An in- 
terrupt is generated if the corresponding interrupt request 
and enable bits are “1” and the interrupt disable flag is “O”. 
Interrupt enable bits can be set or cleared by software 
Interrupt request bits can be cleared by software, but can- 
not be set by software. 
The | flag disables all interrupts except for the BRK instruc- 
tion interrupt. 


Table 1 


Interrupt vector addresses and priorities 


Vector address (Note 1) 




























Interrupt cause Priority 
High Low 
Reset (Note 2) 1 FFFDi¢ FFFCi¢ 
INT > 2 FFFBi¢ FFFAi6 

























Serial I/O 
reception 






Serial |1/O 
transmission 


FFF5i6 FFF 446 









Timer X 









Timer Y 





Timer 1 





Timer 2 FFEDie FFECi¢ 





























INT, 





FFE3i6 FFE2i6 
FFE1i6 FFEQi6 











INTs 










BRK instruction 





Note 1 : Vector addresses contain interrupt jump destination addresses 


Interrupt request 
Remarks 
generation conditions 


rattimer 2overiow | 


FFDDie FFDCis At BRK instruction execution 


@ Interrupt Operation 
When an interrupt is received, the program counter and 
processor status register are automatically pushed onto the 
stack. The interrupt disable flag is set to inhibit other inter- 
rupts from interfering. The corresponding interrupt request 
bit is cleared and the interrupt jump destination address is 
read from the vector table into the program counter. 

@ Notes on Use- 
When the active edge of an external interrupt (INTo to 
INTs, CNTRo, or CNTR;,) is changed, the corresponding in- 
terrupt request bit may also be set. To insure proper opera- 
tion when selecting the active edge, disable interrupts be- 
fore setting the interrupt edge selection. 






At reset Non-maskable 









External interrupt (active edge 
selectable) 
External interrupt (active edge 
selectable) 


At detection of either rising or 
falling edge of INTo input 
At detection of either rising or 
falling edge of INT, Input 

At end of serial !/O1 data re- 2 
Valid when serial I/O1 ts selected 
ception 
At end of serial 1/O1 transfer 
shift or when transmission buf- 
fer is empty 


Valid when serial 1/01 is selected 


External interrupt (active edge 
selectable) 


At detection of either rising or 
falling edge of CNTRo input 
External interrupt (active edge 
selectable) 


At detection of either rising or 
falling edge of CNTR, tnput 










External interrupt (active edge 
selectable) 
External interrupt (active edge 
selectable) 


External interrupt (active edge 
selectable) 


External interrupt (active edge 
selectable) 

Non-maskable software 
rupt 


At detection of either rising or 
falling edge of INT» input 
At detection of either rising or 
falling edge of INT3 input 








At detection of either rising or 
falling edge of INT, input 





At detection of either rising or 
falling edge of INTs input 
Inter- 


2 - Reset function in the same way as an interrupt with the highest priority 
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interrupt request bit 
Interrupt enable bit 


Interrupt disable flag (1) 


BRK instruction 
Reset 


Interrupt request 





Fig. 5 Interrupt contro! 


Interrupt edge selection register 
(INTEDGE: address 003A.) 


INT, active edge select bit 
INT, active edge select bit 
INT» active edge select bit 
INT; active edge select bit 
INT, active edge select bit 
INT; active edge select bit 
Not used (returns “0” when read) 


0 : Falling edge active 
1 : Rising edge active 


Interrupt request register 1 


Interrupt request register 2 
(IREQ1 address 003C,¢) 


(IREQ2 address 003D,,_) 


INTo interrupt request bit 

INT, interrupt request bit 

Serial I/O receive interrupt request bit 
Serial I/O transmit interrupt request bit 
Timer X interrupt request bit 

Timer Y interrupt request bit 

Timer 1 interrupt request bit 

Timer 2 interrupt request bit 


CNTRg interrupt request bit 
CNTR, interrupt request bit 
INT, interrupt request bit 
INT; interrupt request bit 
INT, interrupt request bit 
INTs interrupt request bit 


Not used (returns “0” when read) 


0 : No interrupt request issued 
1 : Interrupt request issued 


Interrupt control register 2 
(ICON2: address 003F;,) 


Interrupt control register 1 
(ICON1 address 003E 16) 


INT, interrupt enable bit 
INT, interrupt enable bit 
Serial I/O receive interrupt enable bit 
Serial I/O transmit interrupt enable bit 


CNTRg interrupt enable bit 
CNTR, interrupt enable bit 
INT. interrupt enable bit 
INT; interrupt enable bit 


Timer X interrupt enable bit 
Timer Y interrupt enable bit 
Timer 7 interrupt enable bit 
Timer 2 interrupt enable bit 


Fig.6 Structure of interrupt-related registers 
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INT, interrupt enable bit 
INTs interrupt enable bit 


Not used (returns “0” when read) 
(Do not write “1” to this bit) 


0 : Interrupts disabled 
1 : Interrupts enabled 
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TIMERS 

Microcomputers of the M3800x group have 4 timers: timer X, 
timer Y, timer 1, and timer 2. 

The timers count down. Once a timer reaches 00,., the next 
count pulse reloads the contents of the corresponding timer 
latch into the timer, and sets the corresponding interrupt re- 
quest bit to 1. 

The divide ratio of each timer or prescaler is given by 
1/(n+1), where n is the value in the corresponding timer or 
prescailer latch. 


t 0 
TT | J [ [J] 7] Timer xy mode register 


(TM Address 0023;.) 

Timer X operation mode bit 

b1b0 

0 0 : Timer mode 

0 1 : Pulse output mode 

10 : Event counter mode 

1 1 : Pulse width measurement mode 


CNTRo active edge select bit 
0 : Interrupt at falling edge 
Count at rising edge in event 
counter mode 


1: Interrupt at rising edge 
Count at falling edge in event 
counter mode 


Timer X count stop bit 
0 : Count start 


1 : Count stop 


Timer Y operation mode bit 


b5 b4 

0 0 : Timer mode 

0 1 : Pulse output mode 

1 0 : Event counter mode 

1 1 : Pulse width measurement mode 


CNTR, active edge select bit 
0 : Interrupt at falling edge 
Count at rising edge in event 
counter mode 
1 : Interrupt at rising edge | 
Count at falling edge in event 
counter mode 


Timer Y count stop bit 
0 : Count start 
1 : Count stop 





Fig. 7 Structure of timer XY register 
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Timer 1 and Timer 2 

The count source of prescaler 12 is the oscillation frequency 
divided by 16. The output of prescaler 12 is counted by timer 
1 and timer 2, and a timer overflow sets the interrupt request 
bit. 


Timer X and Timer Y 

Timer X and Timer Y can each be set to operate in one of 

four operating modes by setting the timer XY mode register. 

1. Timer Mode 
In timer mode, the timer counts a signal that is the 
oscillation frequency divided by 16. 

2. Pulse Output Mode 
Timer X (or timer Y) counts a signal which is the oscilla- 
tion frequency divided by 16. Whenever the contents of 
the timer reach “0”, the signal output from the CNTRo (or 
CNTR;) pin is inverted. If the CNTR» (or CNTR,) active 
edge select bit is “O”, output begins at “H”. If it is “1”, 
output starts at “L”. When using a timer in this mode, set 
the corresponding port P5, (or port P5;) direction regis- 
ter to output mode. 

3. Event Counter Mode 
Operation in event counter mode is the same as in timer 
mode, except the timer counts signals input through the 
CNTRo or CNTR, pin. 

4. Pulse Width Measurement Mode 
If the CNTR, (or CNTR,) active edge select bit is “0”, 
the timer counts at the oscillation frequency divided by 
16 while the CNTR,» (or CNTR;) pin is at “H”. if the 
CNTR, (or CNTR,) active edge select bit is “1”, the 
count continues during the time that the CNTR, (or 
CNTR;) pin is at “L” 

In all of these modes, the count can be stopped by setting 

the timer X (timer Y) count stop bit to “1”. Every time a timer 

overflows, the corresponding interrupt request bit is set. 
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Data bus 
Oscillator Divider 
(Xin) 1/16 | Prescaler X latch (8) | X latch (8 | Timer X latch (8) | X latch (8 
IN 
Pulse width Timer mode 
measurement 4 Pulse output mode 
mode 
> | -Prescaler X(8) | X (8 Timer | Timer X(8)— | To timer X interrupt 
P5,/CNTRo pin CNTRo active request bit 
edge select bit 
Che 
e. To CNTRo interrupt 
request bit 


CNTRo active 
edge select 
bit 

On. Toggle flip-flop T 





R 
Port P5, 


Port P5, oN atch C( Timer X latch write 


direction register Pulse output mode 


Pulse output 


mode Data bus 


Prescaler Y latch (8) Timer Y latch (8) 
Pulse width | Timer mode 
measurement | Pulse output mode 


mode 
Timer Y (8) 











To timer Y interrupt 
request bit 


Prescaler Y (8) 







CNTR; active 


Paden Bepin edge select bit 










Timer Y count stop bit 





To CNTR, interrupt 






















request bit 
CNTR, active 
edge select 
bit 
Toggle flip-flop T 
“QO” R 
Port P5 ; 
Port P5; <q atch ° a Timer Y latch write 
direction register P—- Pulse output mode 
Pulse output 
mode 
Data bus 
P 
pone Timer 1 latch (8) Timer 2 latch (8) 
12 latch (8) 
Prescaler 12 (8) Timer 2 (8) To timer 2 interrupt 
request bit 


I Timer 1 (8) i 


Fig. 8 Block diagram of timer X, timer Y, timer 1, and timer 2 


To timer 1 interrupt 
request bit 
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SERIAL W/O 
serial |/O can be used as either clock synchronous or asyn- 
chronous (UART) serial 1/O. A dedicated timer is also pro- 
vided for baud rate generation. 
(1) Clock Synchronous Serial 1/O 

Clock synchronous serial |1/O mode can be selected by 


setting the mode select bit of the serial |/O control regis- 
ter to “1” 

For clock-synchronized serial I/O, the transmitter and the 
receiver must use the same clock. If an internal clock is 
used, transfer is started by a write signal to the transmit 
or receive buffer. 


Data bus 


Receive buffer full flag (RBF) 


Address 001816 


Receive buffer 
i 


Receive shift register 


Shift clock 


Receive interrupt request (RI) 


Clock control circuit 
aie as 
> 
Serial 1/O clock select bit 


BRG count source select bit Frequency division ratio 1/(n+1) 


s—~O Baud rate generator 


Address 001Ci. 


Clock control circuit 


Shift clock 


P4,/R,yD 


1/4 
P4,/Srpy Falling-edge detector 
Transmit shift completion flag (TSC) 
= Transmit interrupt source select bit 
i 


hift r t 
oO Transmit interrupt request (T1) 
Transmit buffer Transmit buffer empty flag (TBE) 
| Address 0018,,} Serial I/O status register | Address 0019,, 


P4./T,D 


Data bus 





Fig.9 Block diagram of clock-synchronized serial 1/O 


Transfer shift clock 
(1/2 to 1/2048 of the internal 
clock, or an external clock) | 


| 
C Do K__D1 K_ D2) Ks XK Da XK Ds DK Ds XD 


Serial output T,D 


Serial input RxD 


Receive enable signal Sapy 


Interrupt signal to 
receive/transmit buffer 
(address 0018,,) 


V 


RBF=+1 
TSC=1 
Overrun error (OE) detection 


The transmit interrupt (TI) can be selected to occur either when the transmit buffer has emptied (TBE=1) or after the transmit shift 
operation has ended (TSC=1), by setting the transmit interrupt source select bit (TIC) of the serial 1/O contro! register 
? : If data is written to the transfer buffer when TSC=0, the transmit clock is generated continuously and serial data is output continuously 
from the TD pin 
: The receive interrupt (RI) is set when the receive buffer full (RBF) flag becomes “1” 





Fig. 10 Operation of clock-synchronized serial |/O function 
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(2) Asynchronous serial |1/O (UART) mode 

Clock asynchronous serial I/O mode (UART) can be 
selected by clearing the serial |1/O mode select bit of the 
serial 1/O control register to “0”. 

Eight serial data transfer formats can be selected, and 
the transfer formats used by a transmitter and receiver 
must be identical. 

The transmit and receive shift registers each have a buf- 
fer, but the two buffers have the same address in mem- 


Data bus 


Address 
0018.. 
OE Receive buffer 


Character length select bit i 


0-2] Receive shift register 
8 bits 


P4,/RxD CO 


PE FE 


ory. Since the shift register cannot be written to or read 
from directly, transmit data is written to the transmit buf- 
fer, and receive data is read from the receive buffer. The 
transmit buffer can also hold the next data to be transmit- 
ted, and the receive buffer can hold a character while 
the next character is being received. 


Serial |/O control register | Address 001Ai¢ 


Receive buffer full flag 
(RBF) 


~ Receive interrupt request 
(RI) 


1/16 


UART control regrster 


Address 001Bi¢ 


Clock control circuit 


Serial I/O clock select bit 


P46/Scix O 


BRG count source select bit 
f( Xin) e Q 


Frequency division ratio 1/(n+1) 


0 Baud rate generator > 


1/4 Address 001C,. 


Co Transmit shift completion flag (TSC) 


1/16 
Transmit interrupt source select bit 


Transmit shift register . 
Transmit buiior Transmit buffer empty flag (TBE) 
[ eae Serial 1/O status register_} address 0019, 


Data bus 


P4,;/T,D : 
sIx0 © Q Transmit interrupt request (TI) 
Character length select bit 





Fig. 11 Block diagram of UART serial I/O 
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Transmit or receive clock 


Transmit buffer write signal 


TBE=1 


___Y sp \_st A Po XO ) XY sP 


* Generated at 2nd bit in 2-stop-bit mode 


Serial output T,D 


1 start bit 
7 or 8 data bits 
1 or O parity bit 


Receive buffer write signal 1 or 2 stop bit(s) 
RBF~O 


RBF=1 RBF+=1 


NST PKK XV \ SEK Bo XOX KY se 


Note 1 : Error flag detection occurs at the same time that the RBF flag becomes “1” (at 1st stop bit, during reception) 
2: The transmit interrupt (TI) can be selected to occur when either the TBE or TSC flag becomes “1”, depending on the setting of the 
transmit interrupt source select bit (TIC) of the serial 1/O control register 
3: The receive interrupt (RI) is set when the RBF flag becomes “1” 


Serial input R,D 


Fig. 12 Operation of UART serial I/O function 


[Serial /O Control Register (SIOCON) 001A,.] 
The serial !/O control register contains eight control bits for 
the serial I/O function. 


[UART Control Register (UARTCON) 001B,,] 
The UART control register consists of four contro! bits (bits 
0 to 3) which are valid when asynchronous serial I/O is 
selected and set the data format of an data transfer. One 
bit in this register (bit 4) is always valid and sets the output 
structure of the P4;/T,D pin. 


[Serial VO Status Register (SIOISTS) 0019,,] 
The read-only serial |/O status register consists of seven 
flags (bits 0 to 6) which indicate the operating status of the 
serial 1/O function and various errors. 

Three of the flags (bits 4 to 6) are valid only in UART 
mode. 

The receive buffer full flag (bit 1) is cleared to “O” when 
the receive buffer is read. 

If there is an error, it is detected at the same time that data 
is transferred from the receive shift register to the receive 
buffer, and the receive buffer full flag is set. A write to the 
serial |/O status register clears all the error flags OE, PE, 





FE, and SE (bit 3 to bit six, respectively). Writing “0” to the 
serial |/O enable bit SIOE (bit 7 of the Serial 1/O Control 
Register) also clears ail the status flags, including the error 
flags. 

All bits of the serial 1/O status register are initialized to “0”. 
at reset, but if the transmit enable bit (bit 4) of the serial 
1/O control register has been set to “1”, the transmitter shift 
completion flag (bit 2) and the transmitter buffer empty flag 
(bit 0) become “1”. 


[Transmit Buffer/Receive Buffer (TB/RB) 0018,,| 
The transmit buffer and the receive buffer are located at 
the same address. The transmit buffer is write-only and the 
receive buffer is read-only. If a character bit length is 7 
bits, the MSB of data stored in the receive buffer is “0” 


[Baud Rate Generator (BRG) 001C,.,| 

The baud rate generator determines the baud rate for se- 
rial transfer. 

The baud rate generator divides the frequency of the count 
source by 1/(n+1), where n is the value written to the 
Baud Rate Generator. 
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i 0 
TT T | [TI [_] Serial /o control register 


(SIO1CON address 001Ai¢) 


/ 0 
TT TTI I & | Sena vo status register 


(SIOSTS address 0019,.) 


Transmit buffer empty flag (TBE) 
0 : Buffer full 
1 : Buffer empty 


Receive buffer full flag (RBF) 
0 : Buffer empty 
1 : Buffer full 


Transmit shift completion flag (TSC) 
0 : Transmit shift in progress 
1 : Transmit shift completed 


Overrun error flag (OE) 
0 : No error 
1 : Overrun error 


Parity error flag (PE) 
0 : No error 
1: Parity error 


Framing error flag (FE) 
0 : No error 
1: Framing error 


Summing error flag (SE) 
0 : OEUPEUFE=0 
1 >: OEUPEUFE=1 


7 0 
UART control register 
(UARTCON: address 001B,¢) 


Character length select bit (CHAS) 
0 : 8 bits 
1: 7 bits 


Parity enable bit (PARE) 
0 : Parity checking disabled 
1: Parity checking enabled 


Parity select bit (PARS) 
0 : Even parity 
1 : Odd parity 
Stop bit length select bit (STPS) 


0 : 1 stop bit 
1 : 2 stop bits 


P4;/T,D P-channel output disable bit 
(POFF) 
0 : CMOS output (in output mode) 
] : N-channel open drain output 
(in output mode) 


Fig. 13 Structure of serial 1/O control registers 
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BRG count source select bit (CSS) 
0 : f(Xiw) 
1 : f(Xiy) divided by 4 


Serial |/O synchronization clock select bit 
(SCS) 
QO : BRG output divided by 4 when clock 
synchronized serial I/O is selected, 
BRG output divided by 16 when 
UART ts selected 
1: External clock input 


Srpy output enable bit (Srpy) 
0 : P4, pin operates as ordinaly I/O pin 
| + P4; pin operates as Sppy output pin 





Transmit interrupt source select bit (TIC) 
0 : Interrupt when transmit buffer has 
emptied 
1 : Interrupt when transmit shift 
operation is completed 


Transmit enable bit (TE). 
0 : Transmit disabled 
1 : Transmit enabled 


Receive enable bit (RE) 
0 : Receive disabled 
1 : Receive enabled 


Serial 1/O mode select bit (SIOM) 
0 : Clock asynchronous (UART) serial 1/O 
1 : Clock synchronous serial |/O 


Serial I/O enable bit (SIOE) 
0 : Serial [/O disabled 
(pins P4, to P4, operate as oridinary |/O pins) 
1 : Serial I/O enabled 
(pins P4, to P4, operate as serial |/O pins) 
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RESET CIRCUIT 

A microcomputer in the M3800x group is reset if the RESET 
pin is held at a “L” level for at least 2s then is returned to (1) Port PO direction register (00 0 146): 0016 
a “H” level (the power supply voltage should be between 
4.0V and 5.5V). In order to give the Xi, clock time to stabil- 
ize, internal operation does not begin until after 8 to 12 Xin 
clock cycles are complete. After the reset is completed, (4) Port P3 direction register (0 0 0 746): 
the program starts from the address contained in address 
FFFD,, (upper byte) and address FFFC,, (lower byte). 
Make sure that the reset input voltage is no more than 0.8V 
for a power supply voltage of 4.0V. (7) Port P6 direction register (0 0 0 Dig): 0046 


Address Register contents 


(2) Port P1 direction register (00 0 346): 00:6 


(3) Port P2 direction register (000 54.6): 


(5) Port P4 direction register (00 0 94.)-- 


(6) Port P5 direction register (0 0 0 Big): 


(8) Port P7 direction register (0 0 0Fy¢)::: 0016 


(9) Serial 1/O status register (001 946)---/ 1 10/0} 0}0} 0] 0] 0 
iA me ee yt ee 


(10) Serial 1/O control register (00 1 Aig): 0016 


(11) UART control register (00 1 Big) | 1 ‘1}1folofofolo 


(12) Prescaler 12 (00 2 046): FFig 





Power 
voltage 





Reset input 
voltage 


(13) Timer 1 (00 2 146): 


(14) Timer 2 (00 2 246): 





(15) Timer XY mode register (00 2 346) 





(16) Prescaler X (00 Anes 





(17) Timer X (00 2 546): 





(18) Prescaler Y (00 2 646): 





(19) Timer Y (00 2 746)" 


(20) Interrupt edge selection register (0 0 3 Aig)-* 


la) 
21) CPU mode register (00 3 Big): | 0 [00] 0/0] 0)% 0 


(22) Interrupt control register 1 (00 3 Ej.¢)-- 0016 


M51953AL 





23) Interrupt control register 2 (00 3 F4,): 0016 


= = 
(24) Processor status register (PS ee eas x | x x[x[1]x | x| 








M3800x 











| (25) Program counter (P Cy):-+|Contents of address FFFDi¢ 





Fig. 14 Example of reset circuit (P C_)+-|Contents of address FEFC4¢ 


Note - X - Undefined 
* : The initial values of CM, are determined by the level at the 
CNVsgzg pin 
The contents of all other registers and RAM are undefined 
after a reset, so they must be initialized by software 





Fig. 15 Internal status of microcomputer after reset 
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(Xin) 
4 


RESET 


RESETour 
(internal reset) 


SYNC 
Address (XPT KK KK FEFO XK FFF KAD, ADD 
Data (XK KX XA KX AOD 


Reset address from vector table 


Note 1 : f(Xin) and ¢ are in the relationship: f(X,y)=2¢ 
2: A question mark ( ? ) indicates an undefined status that depends on the 
previous status 


8 to 12 clock cycles 





Fig. 16 Timing of reset 
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CLOCK GENERATION CIRCUIT 
An oscillation circuit can be created by connecting a re- 
sonator between Xiy and Xoyr. When using an external 


When the STP status is released, prescaler 12 and tim- 
er 1 will start counting and reset will not be released 
until timer 1 overflows, so set the timer 1 interrupt en- 


able bit to “O” before the STP instruction is executed. 


clock signal, input the clock signal to the Xi, pin and leave 
the Xour pin open. 


Oscillation Control 

(1) Stop Mode 
If the STP instruction is executed, osciilation stops with 
the internal clock ¢ at “H”. Timer 1 is set to “FF,,” and 
prescaler 12 is set to “014,” 
Oscillation restarts when an external interrupt is re- 
ceived, but the internal clock ¢ remains at “H” until tim- 
er 1 overflows. 
‘This allows time for’ the clock circuit oscillation to sta- 
bilize. If oscillation is restarted by a reset, no wait time 
is generated, so keep the RESET pin at “L” level until 
oscillation has stabilized. 

(2) Wait Mode 
If the WIT instruction is executed, the internal clock ¢ 
stops at a “H” level, but the oscillator itself does not 
stop. The internal clock restarts if a reset occurs or 
when an interrupt is received. 
Since the oscillator does not stop, normal operation can 
be started immediately after the clock is restarted. 
To ensure that interrupts will be received to release 
the STP or WIT state, interrupt enable bits must be set 
to “1” before the STP or WIT instruction is executed. 





Fig. 17 Ceramic resonator circuit 


External oscillator 





Fig. 18 External clock input circuit 


Interrupt request 


Interrupt disable 
flag (1) 


- Reset 


Reset 
STP instruction 
? output 


ONW pin 
Single-chip mode 


3 Internal clock ¢ 


ONW 
F 4 control 
| 1/8 | | Prescaler 12 | 


Reset or STP instruction 





Fig. 19 Block diagram of clock generation circuit 
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PROCESSOR MODES 

Single-chip mode, memory expansion mode, and micro- 
processor mode can be selected by changing the contents 
of the processor mode bits CMy and CM, (bits 0 and 1 of 
address 003B,,). In memory expansion mode and micro- 
processor mode, memory can be expanded externally through 
ports PO to P3. In these modes, ports PO to P3 lose their 
1/O port functions and become bus pins. 


Table 2 Functions of ports in memory expansion mode 
and microprocessor mode 





Function 
Outputs lower byte of address 
“| Outputs upper byte of address. 
| Operates as 1/O pins for data D7 to Do 
(including instruction codes) 


Port Name 
Port PO 
Port P1 

















Port P2 








P35 and P3, function only as output pins 
(except that the port latch cannot be 


read) 

P32. 1s the ONW input pin 

Port P3 P3, is the RESET our output pin. (Note) 
P3, 1s the ¢ output pin 

P35 1s the SYNC output pin 

P3, 1s the WR output pin, and P3; 1s the 
RD output pin. 





Note : If CNVss is connected to Vss, the microcomputer goes to single- 
chip mode after a reset, so this pin cannot be used as the 
RESETour output pin 


@ Single-Chip Mode 
Select this mode by resetting the microcomputer with 
CNVsg connected to Vgg. 

@ Memory Expansion Mode 
Select this mode by setting the processor mode bits to 
“01” in software with CNVss connected to Vss. This mode 
enables external memory expansion while maintaining 
the validity of the internal ROM. Internal ROM will take 
precedence over external memory if addresses conflict. 

® Microprocessor Mode 
Select this mode by resetting the microcomputer with 
CNVss connected to Voc, or by setting the processor 
mode bits to “10” in software with CNVss connected to 
Vss. In microprocessor mode, the internal ROM is no lon- 
ger valid and external memory must be used. 








LL) 


SFR area 


Vabbddhd 


SFR area 


Internal RAM 


reserved area 


Wil 


Internal RAM 
reserved area 


Internal ROM 


Memory expansion mode Microprocessor mode 


The shaded areas are external memory areas 
* | YYYY;, 18 the start address of internal ROM 


Fig. 20 Memory maps in various processor modes 


CPU mode register 
(CPUM address 003Bi,) 


Processor mode bits 


: Single-chip mode 

: Memory expansion mode 
: Microprocessor mode 

- Do not use 


Stack page select bit 
0 : RAM in the zero page !s used 
as stack area 


1 : RAM In page 1 ts used as 
stack area 


Fig. 21 Structure of CPU mode register 
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Bus Control with Memory Expansion | 
Microcomputers of the M3800x group have a built-in ONW 
function to facilitate access to extra memory and I/O func- 
tions in memory expansion mode or microprocessor mode. 
If an “L” level signal is input to the ONW pin when the CPU 
is in a read or write state, the corresponding read or write 
cycle is extended by one cycle of ¢. During this extended 
period, the RD or WR signal remains at “L”. This extension 
period is valid only for writing to and reading from addres- 
ses 0000,, to 0007,, and 0440,, to FFFF,., and only read 
and write cycles are extended. 


Read cycie Dummy cycle Write cycle Read cycle Dummy cycle Write cycle 


g 


* : Period during which ONW input signal is received aes 
During this period, the ONW signal must be fixed at either “H” or “L” At all other times, the input level of the ONW signal has no affect 
on operations 
The bus cycles is not extended for an address in the area 0008, to 043F 16, regardless of whether the ONW signal is received 





Fig. 22 ONW function timing 
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NOTES ON PROGRAMMING 

Processor Status Register 

The contents of the processor status register (PS) after a 
reset are undefined, except for the interrupt disable flag (1) 
which is “1”. Therefore, flags that affect program execution 
must be initialized after a reset 

In particular, it is essential to initialize the T and D flags be- 
cause of their effect on calculations. 


Interrupts 

The contents of the interrupt request bits do not change im- 
mediately after they have been written. After writing to an 
interrupt request register, execute at least one instruction 
before performing a BBC or BBS instruction. 


Decimal Calculations 

To calculate in decimal notation, set the decimal mode flag 
(D) to “1”, then execute a ADC or SBC instruction. Only the 
ADC and SBC instructions yield proper decimal results. Af- 
ter executing an ADC or SBC instruction, execute at least 
one instruction before executing a SEC, CLC, or CLD in- 
struction. 


In decimal mode, the values of the negative (N), overflow 
(V), and zero (Z) flags are invalid. 

The carry flag can be used to indicate whether a carry or 
borrow has occurred, but must be initialized before each 
calculation. Clear the carry flag before an ADC and set the 
flag before an SBC. 


Timers 
If a value n (between 0 and 255) is written to a timer latch, 
the frequency division ratio is 1/(n+1) 


Multiplication and Division Instructions 

The MUL and DIV instructions do not affect the T and D 
flags. 

The execution of these instructions does not change the 
contents of the processor status register. 


Ports 

The contents of the port direction registers cannot be read. 
Programs can not use the value of a direction register as an 
index, or bit-test a direction register (BBC or BBS), or per- 
form a read-modify-write instruction such as ROR, CLB, or 
SEB. Use instructions such as LDM and STA to set the port 
direction registers. 


Serial I/O 

In clock synchronous serial I/O, if the receive side is using 
an external clock and it is to output the Sprpy signal, set the 
transmit enable bit, the receive enable bit, and the Seay 
output enable bit to “1”. 

Serial |/O continues to output the final bit from the T,D pin 
after transmission is completed. 





Instruction Execution Time 

The instruction execution time is obtained by multiplying 
the frequency of the internal clock ¢ by the number of cy- 
cles needed to execute an instruction. 

The number of cycles required to execute an instruction is 
shown in the list of machine instructions. 

The frequency of the internal clock gis half of the Xin fre- 
quency. 

When the ONW function is used in modes other than sing- 
le-chip mode, the frequency of the internal clock ¢ may be 
one fourth the Xi frequency. 
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DATA REQUIRED FOR MASK ORDERS ROM Writing Method 


The following are necessary when ordering a mask ROM The built-in PROM of the blank one-time programmable ver- 

production: sion and built-in EPROM version can be read from and writ- 
1. Mask ROM Order Confirmation Form ten to with an normal EPROM writer using a special write 
2. Mask Specification Form adapter. 


3. Data to be written to ROM, in EPROM form (three 
identical copies) 












The PROM of the blank one-time programmable version is 
not tested or screened after assembly. To ensure proper op- 
eration after writing, the procedure shown in Figure 23 is re- 
commended to verify programming. 


Writing with PROM writer 
Screening (Note) 
(150° for 40 hours) 


Verification with PROM writer 
Functional check in target device 


Note : The screening temperature ts far higher than 
the storage temperature Do not leave the 
microcomputer at 150°C for longer than 100 hours 





Fig. 23. Writing and testing of one-time programmable 
version 
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ABSOLUTE MAXIMUM RATINGS 


Parameter Conditions 





Supply voltage 

Input voltage PQg—P07, Pig —P17, P29—P2z7, 

Vv, P3o— P37, P4g9—P 47, P59— P57, 

P69—P67, P7o, P7; 

V; ‘Input voltage CNVss 

Output voltage POp— P07, Pig—P17, P29—P2z, 
P39— P37, P49— P47, P5p— P57, 
P69— P67, P79, P71, Xour 

Power dissipation 


Ratings 
—0.3 to 7.0 


—0. 3 to Voct0. 3 











All voltages measured with reference to the 
—0.3 to Vocot0. 3 


a 
—0. 3 to 13 








Vss pin, output transistors isolated 


—0.3 to Vocot0. 3 








1000( Note) 
—20 to 85 
—40 to 125 








Operating temperature 

















Storage temperature 





Note : 300mW in case of the flat package 


RECOMMENDED OPERATING CONDITIONS (Voc = 3.0 to 5.5V, Tg = —20 to 85, unless otherwise noted) 





Parameter 











Supply voltage (f (Xin) S2MHz) 
Supply voltage (f (Xin) > 2MHz) 

















Supply voltage 
“H” input voltage PO g— PO, P1o—P1,, P25—P27, P39— P37, P49— P47, 
P59— P57, P6g— P67, P7o, P71 


Vss 
“H” input voltage RESET, Xin, CNVss 








< 














“L” input voltage PO9—P07, P19>—P17, P29-—-P27, P39—P37, P4p—P4z, 
P5o—P57, P6g9—P67, P7o, P7; 

“L” input voltage RESET 

“L” input voltage Xin 
































<i<j<) < |< 


“L” input voltage CNVsgs 
“H” total peak output current POg—P07, P1o—P17, P29 —P27, P39—P37 (Note 1) 


“H” total peak output current P4>—P47, P5>—P57, P6p—P67, P7o, P7; (Note 1) 
Slou(peak) | “L” total peak output current POg—P07, P19—P17, P29—P27, P39—P37 (Note 1) 
































= lot(peak) 
2 lou(avg) 
2 lon(avg) 
> lov(avg) 


2 louavg) 


“L” total peak output current P49—P47, P59—-P57, P6g—P67, P79, P7; (Note 1) 





“H” total average output current POg—P07, Pip —P17, P29—P27, P397—P3; (Note 1) 





“H” total average output current P4>—P47, P59—P57, P69—-P67, P7o, P7, (Note 1) 











“L” total average output current POg—P07, P19—P17, P29>—P27, P39—P37 (Note 1) 











“L” total average output current P49—P47, P5g—P57, P69—P67, P7o, P7; (Note 1) 











lou(peak) 
lou(peak) 
lon(avg) 


lo-vavg) 


f( Xin) 





“H" peak output current POo—P07, P19—P17, P29—P27, P39—P37, P4o— P4z, 
| P5—P5z, P6y—P67, P7o, P71 (Note 2) 








“L” peak output current PQ9—P07, Pt9o—P17, P29—P27, P89—-P37, P49—P4;, 
P59— P57, P69—P6r, P7o, P7, (Note 2) 








“H” average output current POg—P0;, P1g—P17, P29—P27, P39—P37, P49—P4z, 








P5 9—P57, P6)—P67, P7, P71 (Note 3) 
“L” average output current PQg—PO7, P19—P17, P29--P27, P389—P37, P49 —P4z, 
P5 o—P57, P69—P67, P79, P7; (Note 3) 


Internal clock oscillation frequency (Voo=4. 0O~5. 5V) 





Internal clock oscillation frequency (Voo=3. 0~5. 5V) 

















Note 1 The total output current is the sum of all the currents flowing through all the applicable ports The total average current is an average value me- 
asured over 100ms The total peak current 1s the peak value of all the currents 
2 The peak output current is the peak current flowing in each port 


3 The average output current lo, (avg): lou (avg) In an average value measured over 100ms 
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ELECTRICAL CHARACTERISTICS (Voc = 4.0 to 5. 5V, Veg = OV, Ta = —20 to 85°C, unless otherwise noted) 


Limits 
Test conditions 
“H” output voltage POg—PO07, P19>—P17, P29—P27, lon=—10mA 
P39—P37, P4y—P47, P5—P5 Weer ey 
0 7 0 7) 0 7s lon=—10mA 
P65— P6,, P75, P7, (Note) Voc=3. 0~5.5V 
“L” output voltage POo—P07, P19—P17, P29—P2z, loL=10mA 
P39—P3;, P4y—P47, P5p—P5 Nee aN 
0 7s 0 7 ‘0 7 loL=1. OmA 
P69—P67, P7o, P7; Voc=3.0~5. 5V 
Hysteresis CNTRo, CNTRy, INTo—INTs 
Hysteresis RxD, Scix 
Hysteresis RESET 


“H” input current PQo—P07, P1q—P17, P29—P27, 
P39—-P37, P49—P4,, P5o— P57, Vi=Vec 
P69—P67, P7o, P7; 








“H” input current RESET, CNVss Vi=Vec 


“H” input current Xin Vi=Voc 
“L” input current POo— P07, P1p—P17, P29—P27, 


P3o9-—-P37, P4g—P47, P59—P5z, 
P69—P67, P7o, P7, 
RESET, CNVsg 
“L” input current Xjxy 
RAM hold voltage With clock stopped 
f(Xin) =8MHz, Vec=5V 
f( Xin) =5MHz, Voc=5V 
(Xin) =2MHz, Vec=3V 
When WIT instruction is executed with 
(Xin) =8MHz, Vec=5V 
When WIT instruction is executed with 
f(Xin) =5MHz, Vec=5V 
When WIT instruction is executed with 
f(Xin) =2MHz, Voo=3V 
When STP instruction is executed 





























Supply current 





with clock stopped, output 





transistors isolated 





Note : P4s is measured when the P4,/T,D P-channel output disable bit of the UART control register (bit 4 of address 001B,.) 1s “0” 
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TIMING REQUIREMENTS 1 (Vcc =4.0 to 5.5V, Vsg = 0V, Ta = —20 to 85, unless otherwise noted) 


Limits 
Symbol Parameter 
Typ. 


Reset input “L” pulse width 
External clock input “H” pulse width 
External clock input “L” pulse width 
CNTRo, CNTR; input cycle time 
tWwH(CNTR) CNTRo, CNTR; input “H” pulse width 
INTo to INTs input “H” pulse width 
CNTRo, CNTR; input “L” pulse width 
INTo to INTs input “L” pulse width aa 
Serial 1/O clock input cycle time (Note) 
Serial 1/O clock input “H” pulse width (Note) 
Serial I/O clock input “L” pulse width (Note) 


Serial 1/O input set up time 
Serial !/O input hold time 


Note : When f(X,y)=5MHz and bit 6 of address 001Aj, 1s “1” Divide this value by four when f(X,))==5MHz and bit 6 of address 001Aj4¢ 1s “0” 


IE 
< 


—t 
N 
oO 


Tye. | 
Led 
oe ee 
50 
orl 
700 [I 
80 
20 | 
80 
= tae 














TIMING REQUIREMENTS 2 (Vcc =3.0 to 5.5V, Vsgg = OV, Ta = —20 to 85C, unless otherwise noted) 


Min 





















tw( RESET) Reset input “L” pulse width ; , = 
toxin) External clock input cycle time aK a us 


External clock input “H” pulse width 200 ns 

External clock input “L” pulse width 200 ns 

CNTRo, CNTR; input cycle time 500 ns 

CNTRo, CNTR; input “H” pulse width 

INTo to INTs input “H” pulse width a 

CNTRo, CNTR; input “L” pulse width a} + 22 

INT to INT; input “L” pulse width 230 Pfs 

Serial |/O clock input cycle time (Note) | 200 | =6p| ifs 

Serial 1/O clock input “H” pulse width (Note) | 90) | | ons | 

tWL(ScLK) Serial !/O clock input “L” pulse width (Note) | 90] | | ons | 

a aie ae ae 
aay aa (ey Ta 

















tsu(RyD—Sc.x)| Serial |/O input set up time | 400 | 


Serial [/O input hold time 


Note : When f(X;y)=5MHz and bit 6 of address 001Aj¢ Is “1” Divide this value by four when f(X,,)=5MHz and bit 6 of address 001Aj4¢ Is “0” 
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SWITCHING CHARACTERISTICS 1. (Vcc = 4.0 to5.5V, Ves = OV, Ta = —20 to 85°C, unless otherwise noted) 


Symbol Parameter 
Typ 


Serial |/O clock output “H” pulse width to(soi,)/277 30 ae a ns 
Serial 1/O clock output “L” pulse width to(so.,)/2— 30 ie Soe 


td(scix—Txo) | Serial |/O output delay time (Note 1) ee 
Serial !/O output valid time (Note 1) ’ 
Serial t/O clock output rise time 


tfsoLK) Serial 1/O clock output fall time aaa 















CMOS output rise time (Note 2) 


Note 1 : When the P4./T,D P-channel output disable bit of the UART control register (bit 4 of address 001Bi¢) is “0” 
2: Xour pin excluded 





CMOS output fall time (Note 2) 





SWITCHING CHARACTERISTICS 2 (Vcc = 3.0 to5.5V, Veg = OV, Ta = —20 to 85°C, unless otherwise noted) 


Symbol Parameter 


Serial 1/O clock output “H” pulse width 
Serial 1/O clock output “L.” pulse width 
Serial I/O output delay time (Note 1) 


= 
CMOS output rise time (Note 2) 
CMOS output fall time (Note 2) 


Note 1 : When the P4;/T,D P-channel output disable bit of the UART control register (bit 4 of address 001B,,) 1s “0” 
2: Xour pin excluded 








Measurement output pin —T. 


100pF 


rp 


CMOS output 





Fig. 24 Circuit for measuring output switching characteristics (1) 
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TIMING REQUIREMENTS IN MEMORY EXPANSION MODE AND MICROPROCESSOR MODE 


(Voc = 4.0 to 5.5V, Vsg = OV, Ta = —20 to 85, unless otherwise noted) 


Parameter 





tsu(ONw—¢) | ONW input set up time 





thi g—oNnw) ONW input hold time 
tsu(pB—¢4) Data bus set up time 














thc g—psB) Data bus hold time 


SWITCHING CHARACTERISTICS IN MEMORY EXPANSION MODE AND MICROPROCESSOR MODE 


(Voc = 4.0 to 5.5V, Vsg = OV, Ta = —20 to 85°C, unless otherwise noted) 


Limits 
Symbol Parameter Unit 
| Min | Typ | Max | _ 


to(¢) ¢ clock cycle time 2X tex) ns 


—-—+—— 

















twH(¢) ¢ clock “H” pulse width to(xyy) 10 ns 
eda a 











tw(¢) z| ¢ clock “L” pulse width Foca 10) nS 
td( g—an) ADj5 to ADg delay time i ns 
6 ns 


a 
ns 








SELLE PRP 
ty( ¢—aH) ADj45 to ADg valid time 








td(¢—ac) AD7 to ADo delay time 





ty( ¢—AL) AD; to ADp valid time 6 ns 


ns + sete ke 
L 
| 














ty(¢—-syYNc) SYNC valid time ns 


RD and WR delay time 

RD and WR valid time 3 ns 
Data bus delay time ns 
Data bus valid time ns 


td(RESET—RESETour) RESETour output delay time (Note) ns 


tv ¢—RESET) RESET our output valid time (Note) ns 





ns 


























Note : The RESETour output goes “H” in sync with the rise of the ¢ clock that is anywhere between about 1 cycle and 19 cycles after the RESET input 
goes “pe 


Measurement output pin as anes 


100pF 


- 


CMOS output 





Fig. 25 Circuit for measuring output switching characteristics (2) 
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TIMING DIAGRAM 


(1) Timing diagram 


te(cntR) 





























CNTRo, CNTR, 
tWHQUNT) twe(inT) 
INTo—INTs 0. 8Vce 
0.2Voc 
tw( RESET) 
een 0. 8Vcc 
tox) 
Xin 
te( soi) 
tf twu(soik) tr ——— 
IIS I I I I OH BV XX CKO 
aa SKK XKKKK = 
RRR 0.2V00 eeecheehetatetcletetes 
tv(soiK—TxD) 
i KX. dS:COD 
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(2) Timing diagram in memory expansion mode and microprocessor mode 


te(¢) 
twui¢) twi(¢) 


_ SSS 


0. 5Voc 











ty( 6—AH) 


v 


ty(¢—ac) 


td(¢—An) 


AD,5—ADg, oe 0. 5Vec 


wi) 


td(¢—ac) 


3. 
wi 






AD7—ADo 0. 5Vcc 
one XK a: 
td(¢—wr) tv. o—wr) 
_ r\ 7 
RD, WR 
tsu(onw-¢) th( g—onw) 
| VAT AVAVAVAVAVAVAVAYAVAVAVAN GLEE 97 
ONW | 0,9. OV 00.0.9. ON9.9) X 0. 2Vec Pca att anstanatatnsccsl KX 
tsu(pB—¢) th(e—pe) 
DBo— DB; 


US 


(At CPU reading) 
td(¢—pe) tvig—ps) 


DBo— DB, 
(At CPU writing) 





a 


(3) Timing diagram in microprocessor mode 






RESET 
g 

td(RESET—RESEToy7) ives nesctane 
RESETour 0. 5Vec 
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DESCRIPTION 

The M3806x group is made up of 8-bit microcomputers 
based on the MELPS 740 core. 

The M3806x group is designed for controlling systems that 
require analog signal processing and include two serial |/O 
functions, A-D converters, and D-A converters. 

The various microcomputers in the M3806x group include 
variations of internal memory size and packaging. For de- 
tails, see the section on part numbering. 

For details on availability of microcomputers in the M3806x 
group, see the section on group expansion. 


PIN CONFIGURATION (TOP VIEW) 


M38063M6-XXXFP 


P63/AN3 <> {80 


P7,/Sout2 


= 
oO 
_ 
_ 


P7o/Sin2 + 

P57/DAo -_- 

P5,/DA, «> 
P5;,/CNTR, +> [&| 
P5,/CNTRo 


FEATURES 
@ Basic machine-language instructions ----++++-++++se ee 71 
@ Instruction execution time QiG ae Yaa: al os-Oiie sO beset: Wie ars, ee avahiaveite: Cui-ofene"0sieresaxe 0.5us 


(shortest instruction at 8MHz oscillation frequency) 
@® Memory size 


= 10) \ Reece 4K to 32K bytes 

RAM cercecsccercccctee teste esse ese e sec c cree eee eeees 192 to 1024 bytes 
@ Programmable input/output ports «r+ etree eee 72 
@ ARTSITUDUS enter ert test eet teers 16 sources, 16 vectors 
®@ Timers CeCe meee meee erm e eee ere ee eem ares eee ereeeneseeneenneues 8 bitx 4 
@ Serial |/O1°:-::-- 8-bitX 1(UART or Clock-synchronized) 
@ Serial 1/02 sree 8-bitX 1(Clock-synchronized) 
@ A-D converter Oe ee mace ere ea veces saseresneroeene 8-bitx 8 channels 
=) D-A converter PO eer newer er ne reser enereseseens 8-bitX 2 channels 
@ Clock generation circuit:::::-- Internal feedback amplifier 

(connect to external ceramic resonator or quartz crystal) 
e@ Supply voltage Sembee eee e eee n ee ten en eeteenaerensonsens 3.0 to 5.5V 
e Low power dissipation Come cere rer rece aesnarnersececesesece 32mWwW 
@ Memory expansion possible 
@ Operating temperature range «71 —20 to 85C 
APPLICATIONS 


Office automation, VCRs, tuners, musical instruments, 
cameras, air conditioners, etc. 


140} +> P29/DBo 


++ P23/DB3 
+ P2,/DB, 
> P25/DBs 
++ P26/DBe5 
++ P27/DB, 


+> P4./INTo 


[a] 
8 
Loe 
w 
Le) 
> 


P53/INT4 > 
P5,/INT3 - 
P47/Srppy1 
P46/Scik1 
P4,/T,D 
P4,/R,D + 
P4,/INT, +> 


Package type : 80P6N 
80-pin plastic-molded QFP 
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PIN CONFIGURATION (TOP VIEW) 


[3]+> P3,/ONW 

[S| +> P32/RESET our 
3/AD3 
¢/ADe 


eZ ]+> PO 
| <> PO 


|40|<+> P41 6/ADi4 


++ P23/DB3 

= P2,/DB,4 

+> P25/DBs 

+> P2.6/DBg 
M38063M6-XXXGP ae ae, 

— Xout 

— XIN 

+> P4o 

+> P4, 

+ RESET 

— CNVss 

+> P4./INTo 

++ P43/INT, 

++ P4,4/RxD 


P4,/T,D 


Package type : 80P6S 
80-pin plastic-molded QFP 
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FUNCTIONAL BLOCK DIAGRAM (Package : 80P6N) 


Clock input Clock output Reset input 
Xin Xour Vss Vec RESET CNVss 






Clock generation 
circuit 





































m2 CNTR, cd 
ng z 
: 2 
& a ae ae |. See m 
£ o 
= 
1/0218 Hae be 
/02 
etre @ 
=H = 
=f 
© 
pre] [7a = p28) | [pre] [Pow = 
THE CTE : 
me) | SARA ABest z 
fi ai EL Hi ial : 
RERIIONG LMABLb ee LEURGUOY ILL! CHESHHCIC NEICHEN-B3ICICHCOS7ICHVIG HG MM AAIGIESG OG 748)-4 EOE NE 2EIE EHS a 
fey a ee ee eg kee = 
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PIN DESCRIPTION 


Vec Power supply Power supply inputs 40 to 5 5V to Voc, and OV to Vgs. 
Vss 
This pin controls the operation mode of the chip Normally connected to Vss If this pin ts eerriecied to Voc, the internal 
ROM ts tnhibited and external memory is accessed 
Analog reference Reference voltage input pin for A-D and D-A converters 
voltage 


AVss Analog power supply GND input pin for A-D and D-A converter Keep at the same potential as Vss5 
RESET Reset input To reset the microcomputer, this pin should be kept at an “L” level for more than 24s under normal operating condi- 
tions 


Clock input Input and output signals for the internal clock generation circuit Connect a ceramic resonator or quartz crystal between 


the Xin and Xour pins to set the oscillation frequency If an external clock 1s used, connect the clock source to the Xin 











pin and leave the Xour pin open 


| PO o—PO; |; I/O port PO An 8 bit CMOS I/O port An I/O direction register allows each pin to be individually programmed as either input or out- 
put At reset this port is set to input mode 
P19—Pt17 | I/O port P1 In modes other than single-chip, these pins are used as address, data, and control bus I/O pins 


P29— P27 I/O port P2 


P4y, P4, I/O port P4 An 8-bit CMOS !/O port with the same function as port PO 
P4./INTo, External interrupt input pin 
P43/INT, 
P4,/RxD, Serial I/O1 I/O pins 
P4.;/T,D, 
P46/Scuix1, 
P47/Srpy1 
1/O port P5 An 8-bit CMOS I/O port with the same function as port PO 
P5,/INTo— External interrupt input pin 
P5,/INT, 
P5,/CNTRo, Timer X and Timer Y I/O pins 
P5;/CNTR, 
P5./DA,, bbe converter output pins 
P57/ DAz2 














1/O port P6 An 8-bit CMOS 1/0 port with the same function as port PO | A-D converter input pins 
P7./Sino, 1/O port P7 An 8-bit I/O port with the same function as port PO The | Serial I/O2 |/O pins 
P74/Soura, output structure of this port is N-channel open drain, and 
P7o/Scrka: the input levels are CMOS compatible 


P73/Sapy2 





P74— P77 


P85— P87 | I/O port P8& An 8-bit CMOS 1|/O port with the same function as port PO 
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PART NUMBERING 


Product name M3806 FP 


—_ Package type 


FP. 80P6N package 
GP 80P6S package 
FS 80D0 package 


ROM number 


Omitted in some types 


ROM/PROM size 

. 4096 bytes 
8192 bytes 
12288 bytes 
16384 bytes 
20480 bytes 
24576 bytes 
28672 bytes 
32768 bytes 


1 
2 
3 
4 
5 
6 
7 
8 


The first 128 bytes and the last two bytes of ROM 
are reserved areas, they can not be used 


Memory type 


M: Mask ROM version 
E EPROM or one-time programmable version 


RAM size 
192 bytes 
256 bytes 

* 384 bytes 
512 bytes 
640 bytes 
768 bytes 

- 896 bytes 
1024 bytes 


SNS DO MO 2 W MH —- OC 
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fais Pe, .* SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 
GROUP EXPANSION (2) Packages 
Mitsubishi plans to expand the M3806x group as follows: SOPGN st +eseoreesseceeras 0.8mm-pitch plastic molded QFP 
(1) Support for mask ROM, one-time programmable, and SOPGS heer tetas 0.65mm-pitch plastic molded QFP 
EPROM versions BO DO sattooranstnnnieenney retete ses 0.8mm-pitch ceramic LCC 
ROM/PROM capacity -s::+:+srrrerrrreee 12K to 32K bytes 
RAM capacity --::11rrrerrtrr reer reereeeneees 384 to 1024 bytes 


Memory expansion plan 


ROM size (bytes) Being planned Under development 


32K geccecccccees eee oe cccesecece : eovccccccone see M38064M8/E8 S eer cecccees ="°C M38067M8/E8 


eeeserecosoe 


New : product 


Sid eblaaeese oe beneneesene me eseneeeeneney M38063M6/E6 fa seshisaandietiagmedesetenteptsicervenetyns 


Under development 


sceuseruabes Peeeeeeeseeeabe M38062M4/E4 7 ees Coe | 


: New product : : 
eoteccccces eeeeeeees need M38062M3/E3 * 


° 
@eoneevesover 


@eCooeoasrgeeeoes 


192 256 896 
; RAM size (bytes) 





\ 


The development schedule and other details of products under development may be revised without notice 
Currently supported products are listed below 


As of March 1992 








M38062M3-XXXFP 
M38062E3-XXXFP 
M38062E3GP 

80D0_| EPROM version 

Mask ROM version 

80P6N | One-time programmable version 
M38063E6FP One-time programmable version (blank) 


M38063M6-XXXGP 24K §12 Mask ROM version 
80P6S 


(P) ROM size (bytes)| RAM size (bytes) | Package Remarks 
Mask ROM version 
80P6N | One-time programmable version 
One-time programmable version (blank) 
384 Mask ROM version 

80P6S /| One-time programmable version 


One-time programmable version (blank) 





































M38063E6-XXXGP One-time programmable version 
M38063E6GP One-time programmable version (blank) 
M38063E6FS : 80D0 EPROM version 
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FUNCTIONAL DESCRIPTION 

Central Processing Unit (CPU) 

Microcomputers of the M3806x group use the standard 

MELPS 740 instruction set. Refer to the table of MELPS 

740 addressing modes and machine instructions or the 

MELPS 740 Software Manual for details on the instruction 

set. 

Machine-resident MELPS 740 instructions are as follows: 
The FST and SLW instructions are not available for use. 
The STP, WIT, MUL, and DIV instructions can be used. 


CPU Mode Register 

The CPU mode register (address 003B,,¢) contains proces- 
sor mode bits that specify the operating mode of the chip. 
The CPU mode register also contains the stack page select 
bit. 


CPU mode register 
(CPUM address 003B,,) 


eit ieee mode bits 
b 


0 0 : Single-chip mode 
: Memory expansion mode 
: Microprocessor mode 
: Do not use 


Stack page select bit 
0 : RAM in the zero page is 
used as stack area 
1: RAM in page 1 is used 
as stack area 





Fig. 1 Structure of CPU mode register 
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MEMORY 

¢ Special Function Register (SFR) Area 
The Special Function Register area contains registers 
which control functions such as I/O ports and timers, and 
is located in the zero page area. 

* RAM 
RAM is used for data storage as well for stack area. 

* ROM 
The first 128 bytes and the last two bytes of ROM are re- 
served for device testing and the rest is user area for 
storing programs. 

¢ Interrupt Vector Area 
The interrupt vector area contains reset and interrupt 
vectors. 


RAM area 
RAM capacity 
(bytes) 
192 


Address XXXXi¢ 





ROM area 
ROM capacity 


Address YYYY Address Z2Z2Z2Z 
(bytes) a 























Fig. 2 Memory map diagram 


*« Zero Page 
The 256 bytes from addresses 0000,¢ to OOFF,, are cal- 
led the zero page area. The internal RAM and the spe- 
cial function registers (SFR) are allocated to this area. 
The zero page addressing mode can be used to specify 
memory and register addresses in the zero page area. 
This dedicated zero page addressing mode enables ac- 
cess to this area with only 2 bytes. 

¢« Special Page 
The 256 bytes from addresses FFO0;, to FFFFi., are call- 
ed the special page area. The special page addressing 
mode can be used to specify memory addresses in the 
special page area. This dedicated special page addres- 
sing mode enables access to this area with only 2 bytes. 


Reserved area 


Not used 


Reserved ROM area 
(common ROM area,128 bytes) 


Special 
Interrupt vector area page 


Reserved ROM area 
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Port P2 (P2) 
Port P2 direction register (P2D) 


Port P4 (P4) 
Port P4 direction register (P4D) 
Port P5 (P5) 
Port P5 direction register (P5D) 


i ) 


( 

( 

Port P8 direction register (P8D 
( 


Serial |/O2 control register (SIO2CON) 


Serial !/O2 register (SIO2) 





Fig. 3 Memory map of special function register (SFR) 
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Prescaler X (PREX) 
Timer X (TX) 
Prescaler Y (PREY) 
Timer Y (TY) 


AD/DA control register (ADCON) 


A-D conversion register (AD) 


D-A1 conversion register (DA1) 
( 


D-A2 conversion register (DA2) 


interrupt edge selection register (INTEDGE) 


CPU mode register (CPUM 


) 
Interrupt request register 1 (IREQ1) 
Interrupt control register 1 (I1CON1) 
Interrupt control register 2 (ICON2) 
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//O PORTS lf data is read from a pin.which is set for output, the value of 
Direction Registers the port output latch is read, not the value of the pin itself. 
The M3806x group microprocessors have 72 programmable Pins set to input are floating. If a pin set to input is written to, 
I/O pins arranged in nine I/O ports (ports PO to P8). The only the port output latch is written to and the pin remains 
I/O ports have direction registers which determine the input/ floating. 


output direction of each individual pin. Each bit in a direc- 
tion register corresponds to one pin, each pin can be set to 
be input or output. When “0” is written to the bit corres- 
ponding to a pin, that pin becomes an input pin. When “1” 
is written to that bit, that pin becomes an output pin. 


Name Input/Output 1/O Format Non-Port Function Related SFRs 
input/output, . CMOS 38-state output | Address lower-byte ; 
Port PO : CPU mode register 
7 individual bits __| CMOS level tnput output ' 
Port P41 Input/output, CMOS 3-state output} Address upper-byte 


2 individual bits _| CMOS level input output 


input/output, CMOS 3-state output 
P2 9— P27 Port P2 Data bus I/O CPU mode register 


| individual bits CMOS level tnput 
——— —t 


Input/output, | CMOS 3-state output 
ei as, pores dividual bit CMOS level input 
ae individual bits evel inpu 
P4o, Pay |_ 
P4,/INTo, External interrupt Interrupt edge selection 





CPU mode register 

















Control signal 1/O CPU mode register 














P43/INT input register 
2 Input/output, CMOS 3-state output Biol 2a ee q 
P4,/RxD, Port P4 


SAAD individual bits CMOS level input Serial |/O control 
ae x Serial |/O1 function |/O | register 
6/ OCLKIs UART control register 








P47/Srpy1 


P5,/INTo, 
P5./INTs3, 
P53/INT, Port PS Input/output, CMOS 3-state output 
P5,/CNTRo, individual bits CMOS level input 
P5;,/CNTR, 
P56/DA;, 
P57/DAz2 


P69/ANo— Port P6 : input/output, CMOS 3-state output 
P67/AN7 individual bits CMOS level input 


P7o/Sina, 
P7,/Sourz, : Serial |/O2 function Serial 1/02 control 
Input/output, N-channel open-drain output 


P7>2/S ; Port P7 I/O register 
gy iniae: individual bits CMOS level input 
P73/Srpve 


Port P8 Input/output, CMOS 3-state output 
individual bits CMOS level input 


Note : For details of the functions of ports PO to P3 in modes other than single-chip mode, and how to use double-function ports as function 1/O ports, 
see the applicable sections. 


External interrupt Interrupt edge selection 
input register 








Timer XY function I/O 








D-A converter output | AD/DA control register 





A-D converter input 
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(1) Port PO, P1, P2, P3, P49, P4;, P59, or P8 (2) Port P4y, P43, P5;,, P5, or P53 


Direction 
Direction : 
pssst 
é Port latch ; Port latch 
ae 
4 





Data bus 






4 


Interrupt input 


(3) Port P4, (4) Port P4, 


Serial 1/O enable bit 
Receive enable bit 


— 
register 
Port latch 






P-channel output disable bit 


Serial |/O enable bit 
Transmit enable bit 















Data bus t e 
Lo) so fis =i 
oa! 
<q 
Serial I/O input as 
Serial |/O output 
(5) Port P4g (6) Port P4, 


Serial 1/O clock select bit 
Serial 1/O enable bit 









Serial |1/O mode select bit 
Serial |1/O enable bit 


Seay) output enable bit 







Serial |/O mode select bit 
Serial 1/O enable bit 





Data bus 


Serial clock output 
P Serial ready output 


(7) Port P5, or P55 (8) Port P5,¢ or P5, 
eee 
register 
aid y 
mae: 
4 
D-A converter output >-° 


D-A1 output enable bit (P5,) 
D-A2 output enable bit (P5,) 






Data bus Data bus 





Pulse output mode 
Timer output 





Counter input 
Interrupt input 


Fig. 4 Port block diagram (single-chip mode) (1) 
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(9) Port P6 


= : 
register 
Ril 
Data bus Port latch k 
a 

‘< 


A-D coverter input <~° 
Analog input pin select bit 


(11) Port P7, 


Serial |/O2 transmit end signal 
Serial 1/02 port select bit 


Data bus 


(13) Port P7; 


Sroy2 Output enable bit 
Direction 


: register it 
Data bus Port latch C] fi 
ees 


4 


Serial ready output 


Fig. 5 Port block diagram (single-chip mode) (2) 
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(10) Port P7, 


—_ 
register 
Port latch 


ae, 


(12) Port P7> 


oni 
register 
f Port latch 


External clock 
Serial clock 2 output 


(14) Port P7, to Port P77 


Direction 
register 
P 


Data bus isan 


(amen 
ete 
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INTERRUPTS / @ Interrupt Operation 
A total of 16 sources can generate interrupts: 7 external, 8 in- When an interrupt is received, the program counter and 
ternal, and 1 software. processor status register are automatically pushed onto the 
@ Interrupt Control stack. The interrupt disable flag is set to inhibit other inter- 
Each interrupt is controlled by an interrupt request bit, an rupts from interfering. The corresponding interrupt request 
interrupt enable bit, and the interrupt disable flag-except bit is cleared and the interrupt jump destination address is 
for the software interrupt set by the BRK instruction. An in- read from the vector table into the program counter. 
terrupt is generated if the corresponding interrupt request @ Notes on Use 
and enable bits are “1” and the interrupt disable flag is “QO”. When the active edge of an external interrupt (INT to 
Interrupt enable bits can be set or cleared by software. INT,, CNTRg, or CNTR,) is changed, the corresponding in- 
Interrupt request bits can be cleared by software, but can- terrupt request bit may also be set. To insure proper opera- 
not be set by software. tion when selecting the active edge, disable interrupts be- 
The | flag disables all interrupts except for the BRK instruc- fore setting the interrupt edge selection. 


tion interrupt. 


Table 1 Interrupt vector addresses and priorities 


; Vector address (Note 1) Interrupt request 
Interrupt cause Priority : ; Remarks 
Low generation conditions 
Reset (Note 2) | 1 | FFFDi¢ FFFCi, At reset Non-maskable 
INT 5 FEES =r At detection of either rising or | External interrupt (active edge 
° ihe Ha falling edge of INTo input selectable) 
At detection of either rising or | External interrupt (active edge 
3 FFF 96 FFFS16 falling edge of INT, input selectable) 
Serial |/O1 At end of serial |/O1 data re- 
reception 


ception 
Serial 1/01 At end of serial !/O1 transfer 
transmission 


shift or when transmission buf- 
fer is empty 
FFF2i6 At timer X overflow 
Timer Y FFF 116 FFFO 16 
Timer 1 8 FFEFi¢ FFEEi¢ STP release timer overflow 
Timer 2 9 FFEDi6 FFECie | Attimer2 overflow | 


At detection of either rising or | External interrupt (active edge 
CNTRo 10 FFEBi6 FFEAi¢ g pt ( g 


falling edge of CNTRg input selectable) 

At detection of either rising or | External interrupt (active edge 
Ss “a nPESi6 BEES falling edge of CNTR, input selectable) 
Serial 1/02 1 FFE7i¢6 


At end of serial I/O2 data ; : 
: At detection of either rising or | External interrupt (active edge 
falling edge of INT3 input selectable) 
falling edge of INT, input selectable) 
i 


FFDEie __| At end of A-D conversion eine 
Note 1 : Vector addresses contain interrupt jump destination addresses 


: ; Non-maskable software inter- 
FFDCi., At BRK instruction execution rupt 
2 : Reset function in the same way as an interrupt with the highest priority 





















Valid when serial !/O1 is selected 

















5 FFF51g FFF4i6 Valid when serial 1/01 ts selected 











- 
















FFES16 


FFE116 


_ 
oO 


FFDFi¢ 





— 
NN 


FFDDi¢ 
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Interrupt request bit 
Interrupt enable bit 


Interrupt disable flag (1) 


BRK Instruction 
Reset 





Interrupt edge selection register 
(INTEDGE address 003A;¢) 


INT, active edge select bit 
INT, active edge select bit 
Not used (returns “0” when read) 
INT» active edge select bit 
INT; active edge select bit 
INT, active edge select bit 
Not used (returns “0” when read) 


Interrupt request register 1 
(IREQ1 address 003Ci¢) 


INT) interrupt request bit 

INT, interrupt request bit 

Serial 1/01 receive interrupt request bit 
Serial 1/01 transmit interrupt request bit 
Timer X interrupt request bit 

Timer Y interrupt request bit 

Timer 1 interrupt request bit 

Timer 2 interrupt request bit 


Interrupt control register 1 
(ICON1 address 003E;j¢) 


INT interrupt enable bit 

INT, Interrupt enable bit 

Serial |/O1 receive interrupt enable bit 
Serial |/O1 transmit interrupt enable bit 
Timer X interrupt enable bit 

Timer Y interrupt enable bit 

Timer 1 interrupt enable bit 

Timer 2 interrupt enable bit 





Fig. 7 Structure of interrupt-related registers 


0 : Falling edge active 
1 : Rising edge active 


Interrupt request 


Interrupt request register 2 
(IREQ2 address 003D,,) 


CNTRp interrupt request bit 
CNTR, interrupt request bit 
Serial |/O2 interrupt request bit 
INT2 Interrupt request bit 
INT; interrupt request bit 
INT, interrupt request bit 
A-D converter interrupt request bit 
Not used (returns “0” when read) 
0 : No interrupt request issued 
1 : Interrupt request issued 


Interrupt control register 2 
(ICON2 address 003F,¢) 


CNTRpg interrupt enable bit 
CNTR, interrupt enable bit 

Serial 1/O2 interrupt enable bit 
INT» interrupt enable bit 

INT3 interrupt enable bit 

INT, interrupt enable bit 

A-D converter interrupt enable bit 
Not used (returns “O” when read) 
(Do not write “1” to this bit) 


0 : Interrupts disabled 
1 : Interrupts enabled 
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TIMERS 

Microcomputers of the M3806x group have 4 timers: timer X, 
timer Y, timer 1, and timer 2. 

The timers count down. Once a timer reaches 00,,, the next 
count pulse reloads the contents of the corresponding timer 
latch into the timer, and sets the corresponding interrupt re- 
quest bit to 1. 

The divide ratio of each timer or prescaler is given by 
1/(n+1), where n is the value in the corresponding timer or 
prescaler latch. 


(TM: Address 002346) 

Timer X operation mode bit 

bib0 

0 0 : Timer mode 

0 1 : Pulse output mode 

1 0 : Event counter mode 

1 1 : Pulse width measurement mode 


/ 0 
TT TT [J] [_] Timer xy mode register 


CNTRg active edge select bit 
0 : Interrupt at falling edge 
Count at rising edge in event 
counter mode 


1 : Interrupt at rising edge 
Count at falling edge in event 
counter mode 


- Timer X count stop bit 
0 : Count start 
1 : Count stop 


Timer Y operation mode bit 


b5b4 

0 0 : Timer mode 

0 1 ° Pulse output mode 

1 0 : Event counter mode 

1 1 ° Pulse width measurement mode 


CNTR, active edge select bit 
0 : Interrupt at falling edge 
Count at rising edge in event 
counter mode 
1 : Interrupt at rising edge 
Count at falling edge in event 
counter mode 


Timer Y count stop bit 
0 : Count start 
1 : Count stop 





Fig. 8 Structure of timer XY register 


Timer 1 and Timer 2 

The count source of prescaler 12 is the oscillation frequency 
divided by 16. The output of prescaler 12 is counted by timer 
1 and timer 2, and a timer overflow sets the interrupt request 
bit. 


Timer X and Timer Y 

Timer X and Timer Y can each be set to operate in one of 

four operating modes by setting the timer XY mode register. 

1. Timer Mode 
In timer mode, the tirner counts a signal that is the 
oscillation frequency divided by 16. 

2. Pulse Output Mode 
Timer X (or timer Y) counts a signal which is the oscilla- 
tion frequency divided by 16. Whenever the contents of 
the timer reach “0”, the signal output from the CNTR, (or 
CNTR;) pin is inverted. If the CNTR» (or CNTR;) active 
edge select bit is “0”, output begins at “H”. If it is “1”, 
output starts at “L” When using a timer in this mode, set 
the corresponding port P5, (or port P5;) direction regis- 
ter to output mode. 

3. Event Counter Mode 
Operation in event counter mode is the same as in timer 
mode, except the timer counts signals input through the 
CNTRo or CNTR, pin. 

4. Pulse Width Measurement Mode 
If the CNTR»g (or CNTR;) active edge select bit is “0”, 
the timer counts at the oscillation frequency divided by 
16 while the CNTR, (or CNTR,) pin is at “H”. If the 
CNTRo (or CNTR,) active edge select bit is “1”, the 
count continues during the time that the CNTR, (or 
CNTR;) pin is at “L”. 

In all of these modes, the count can be stopped by setting 

the timer X (timer Y) count stop bit to “1”. Every time a timer 

overflows, the corresponding interrupt request bit is set. 
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Data bus 


Oscillator Divider 
(Xi) 1/16 Prescaler X latch (8) Timer X latch (8) 
Pulse width Timer mode 
measurement \4 Pulse output mode 
mode 


Prescaler X (8) Timer X (8) To timer X interrupt 


request bit 












P5,/CNTRg pin CNTR, active 


edge select bit Timer X count stop bit 











To CNTRg interrupt 
request bit 

CNTR, active 
edge select 


Toggle flip-flop T 





R 
Port P5, 4 fee Gi Timer X latch write 
direction register p— Pulse output mode 


Pulse output 


mod 
: Data bus 


Prescaler Y latch (8) Timer Y latch (8) 
Pulse width | Timer mode \ 
measurement jPulse output mode 


mode 
Timer Y (8) To timer Y interrupt 
request bit 













Prescaler Y (8) 






CNTR, active 


PSs/CNTR, pin edge select bit 









Timer Y count stop bit 





To CNTR, tnterrupt 
request bit 


CNTR, active 
edge select 
bit 


Port P5 
Port P55 oe faich ° — ( Timer Y latch write 
direction register P— Pulse output mode 
Pulse output 
mode 


Data bus 











Prescaler 
12 latch (8) 


Timer 2 latch (8) 


Timer 1 latch (8) 





To timer 2 interrupt 
request bit 


Prescaler 12 (8) 


Laces 


Fig.9 Block diagram of timer X, timer Y, timer 1, and timer 2 


To timer 1 interrupt 
request bit 
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SERIAL 1/O1 
Serial 1/01 can be used as either clock synchronous or asyn- 
chronous (UART) serial 1/O. A dedicated timer is also pro- 
vided for baud rate generation. 
(1) Clock Synchronous Serial 1/O 

Clock synchronous serial 1/01 mode can be selected by 


setting the mode select bit of the serial 1/01 control reg- 
ister to “1” 

For clock-synchronized serial 1/01, the transmitter and 
the receiver must use the same clock. If an internal clock 
is used, transfer is started by a write signal to the trans- 
mit or receive buffer. 


Data bus 
Address 0018, _[Senal VOT contol egster] Address 001A 
Receive buffer 
i 


Receive shift register 


Shift clock 


Receive buffer full flag (RBF) 


P4,/R,D Receive interrupt request (RI) 


Clock control circuit 


aes 
> 
Serial 1/O clock select bit 
BRG count source select bit 


Frequency division ratio 1/(n-+1) 
f(Xiw) : 


— Baud rate generator 


Address 001Ci¢ 


Clock control circuit 
Transmit shift completion flag (TSC) 


Shift clock 
Transmit interrupt source select bit 


Transmit shift register 
i ° 
Transmit buffer Transmit buffer empty flag (TBE) 
| Address 0018,,j Serial 1/01 status register | Address 00191, 


1/4 


Falling-edge detector 


P47/Sroy1 


P4./T,D Transmit interrupt request (TI) 


Data hus 





Fig. 10 Block diagram of clock-synchronized serial 1/O1 


Transfer shift clock 
(1/2 to 1/2048 of the internal 
clock, or an external clock) 


{Do KD X_D2}) Ks K_Da MR _Ds RK_Ds_Y = 
Do KD XD Ks KD Ks KD KD 


| 
Interrupt signal to | 
receive/transmit buffer 
(address 0018,,) 


Serial output T,D 


Serial input RxD 


Receive enable signal Srapy; 


V 


RBF=1 
TSC=1 
Overrun error (OE) detection 


The transmit interrupt (TI) can be selected to occur either when the transmit buffer has emptied (TBE=1) or after the transmit shift 
operation has ended (TSC=1), by setting the transmit interrupt source select bit (TIC) of the serial 1/01 control register 

: If data is written to the transfer buffer when TSC=0, the transmit clock is generated continuously and serial data is output continuously 
from the T,D pin 

: The receive interrupt (RI) 1s set when the receive buffer full (RBF) flag becomes “1” 





Fig. 11 Operation of clock-synchronized serial 1/01 function 
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(2) Asynchronous serial |/O (UART) mode 


Clock asynchronous serial I/O mode (UART) can be 
selected by clearing the serial 1/O mode select bit of the 
serial |/O control register to “O”. 

Eight serial data transfer formats can be selected, and 
the transfer formats used by a transmitter and receiver 





ory. Since the shift register cannot be written to or read 
from directly, transmit data is written to the transmit buf- 
fer, and receive data is read from the receive buffer. The 
transmit buffer can also hold the next data to be transmit- 
ted, and the receive buffer can hold a character while 
the next character is being received. 


must be identical. 
The transmit and receive shift registers each have a buf- 
fer, but the two buffers have the same address in mem- 


Data bus 


aoe Address 001A;6 


OE Receive buffer 
Character length select bit i 


7 bits O Recerve shift register x 


Receive buffer full flag 
(RBF) 


Receive interrupt request 


1/16 


UART control register 


Address 001Bi¢ 


PE FE 


SP detector 


; Clock contro! circuit 


Serial 1/O clock select bit 
P46/Scrik1 O Ss 


BRG count source select bit | Frequency division ratio 1/(n+1) 
f(Xin) O Q 


9-8 Baud rate generator > 


Address 001Ci¢ 


1/16 


1/4 


=> Transmit shift completion flag (TSC) 
Transmit interrupt source select bit 


Transmit shift register 0 


P4;/T,xD 
s/TxD © 2 = Transmit interrupt request (TI) 


Character length select bit 





Transmit buffer Transmit buffer empty flag (TBE) 
/ eet Serial 1/01 SEE register | p aqress 0019;¢ 
Data bus 
Fig. 12 Block diagram of UART serial I/O 
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Transmit or receive clock 


Transmit buffer write signal 


TBE=1 


(__)Y sp 
1 start bit 


7 or 8 data bits 
1 or O parity bit 


1 or 2 stop bit(s) 


st A_Po XO: ) XY sP 


*Generated at 2nd bit in 2-stop-bit mode 


Serial output TxD 


Receive buffer write signal 


RBF=1 


~ NSTA BKK KY \ STK XOX 


Serial input R,D 


Note 1 : Error flag detection occurs at the same time that the RBF flag becomes “1” (at 1st stop bit, during reception) 
2: The transmit interrupt (TI!) can be selected to occur when either the TBE or TSC flag becomes “1”, depending on the setting of the 
transmit interrupt source select bit (TIC) of the serial 1/O control register 
3: The receive interrupt (RI) is set when the RBF flag becomes “1” 





Fig. 13 Operation of UART serial I/O function 


[Serial /O Control Register (SIO1CON) 001A,.] 
The serial |/O control register contains eight control bits for 
the serial !/O function. 


[UART Control Register (UARTCON) 001B,.] 
The UART control register consists of four control bits (bits 
0 to 3) which are valid when asynchronous serial |/O is 
selected and set the data format of an data transfer. One 
bit in this register (bit 4) is always valid and sets the output 
structure of the P4;/T,D pin. 


[Serial /O1 Status Register (SIOISTS) 0019,,] 
The read-only serial |/O1 status register consists of seven 
flags (bits 0 to 6) which indicate the operating status of the 
serial 1/O function and various errors. 

Three of the flags (bits 4 to 6) are valid only in UART 
mode. 

The receive buffer full flag (bit 1) is cleared to “O” when 
the receive buffer is read. 

If there is an error, it is detected at the same time that data 
is transferred from the receive shift register to the receive 
buffer, and the receive buffer full flag is set. A write to the 
serial |/O status register clears all the error flags OE, PE, 


FE, and SE (bit 3 to bit six, respectively). Writing “0” to the 
serial 1/O enable bit SIOE (bit 7 of the Serial 1/O Control 
Register) also clears all the status flags, including the error 
flags. : 

All bits of the serial 1/O1 status register are initialized to “O” 
at reset, but if the transmit enable bit (bit 4) of the serial 
|/O control register has been set to “1”, the transmitter shift 
completion flag (bit 2) and the transmitter buffer empty flag 
(bit 0) become “1”. 


[Transmit Buffer/Receive Buffer (TB/RB) 0018,,] 
The transmit buffer and the receive buffer are located at 
the same address. The transmit buffer is write-only and the 
receive buffer is read-only. If a character bit length is 7 
bits, the MSB of data stored in the receive buffer is “0”. 


[Baud Rate Generator (BRG) 001C,,] 

The baud rate generator determines the baud rate for se- 
rial transfer. | 
The baud rate generator divides the frequency of the count 
source by 1/(n+ 1), where n is the value written to the 
Baud Rate Generator 
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ea Ge es tal 1/01 status register i BB ne 1/01 control register 


(SIO1STS: address 0019;.) 


Transmit buffer empty flag (TBE) 
0 : Buffer full 
1 : Buffer empty 


Receive buffer full flag (RBF) 
0 : Buffer empty 
1: Buffer full 


Transmit shift completion flag (TSC) 
0 : Transmit shift in progress 
1 : Transmit shift completed 


Overrun error flag (OE) 
0 : No error 
1 : Overrun error 


Parity error flag (PE) 
0 : No error 
1 : Parity error 


Framing error flag (FE) 
0 : No error 
1: Framing error 


Summing error flag (SE) 
0 : OEUPEUFE=0 
1 >: OEUPEUFE=1 


7 0 
UART contro! register 


(UARTCON address 001B;,¢) 


Character length select bit (CHAS) 
0 : 8 bits 
1° 7 bits 
Parity enable bit (PARE) 
0 : Parity checking disabled 
] : Parity checking enabled 


Parity select bit (PARS) 
0 : Even parity 
1 : Odd parity 
Stop bit length select bit (STPS) 
0 : 1 stop bit 
1 : 2 stop bits 
P4,;/T,xD P-channel output disable bit 
(POFF) 
0 : CMOS output (in output mode) 
1 : N-channel open drain output 
(in output mode) 


Fig. 14 Structure of serial |/O control registers 





(SIO1CON address 001Aj.) 


BRG count source select bit (CSS) 
0 : (Xin) 
1 : f(Xiy) divided by 4 


Serial 1/01 synchronization clock select bit 
(SCS) 
0 : BRG output divided by 4 when clock 
synchronized serial 1/O is selected, 
BRG output divided by 16 when 
UART is selected 
1 : External clock input 


Srpy1 output enable bit (Srpy) 
0 : P4, pin operates as ordinaly 1/O pin 
1 : P47 pin operates as Sepy; Output pin 





Transmit interrupt source select bit (TIC) 
0 : Interrupt when transmit buffer has 
emptied 
1 : Interrupt when transmit shift 
operation is completed 


Transmit enable bit (TE) 
0 : Transmit disabled 
1 : Transmit enabled 


Receive enable bit (RE) 
0 : Receive disabled 
1 : Receive enabled 


Serial 1/01 mode select bit (SIOM) 
0 : Clock asynchronous (UART) serial I/O 
1 : Clock synchronous serial I/O 


Serial 1/O enable bit (SIOE) 
0 : Serial |1/O disabled 
(pins P4, to P4, operate as oridinary I/O pins) 
1 : Serial 1/O enabled 
(pins P4, to P4, operate as serial I/O pins) 
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SERIAL 1/02 


The serial 1/O2 function can be used only for clock syn- 


Serial 1/O2 control register 


chronous serial |/O. (SIO2CON address 001Dj.) 
For clock synchronous serial I/O the transmitter and the re- Internal synchronization clock select bits 
ceiver must use the same clock. If the internal clock is b2 bt b0 
; ; 000 : f(Xiw) divided by 8 

_t is st Ww ignal t serial 1/02 ae 
HSeC ransfer is started by a write signal to the al 1/O : t(Xy) divided by 16 
register. > f(Xin) divided by 32 

: f(Xin) divided by 64 
Serial /O2 Control Register (SIO2CON) 001D,, ae 
; : : 

The polearoe contre) Fegisler contains seven bits which Serial /02 port select bit (SM2s) 
control various serial I/O functions. 0 : I/O port 


1S Sour2: Scie signal output 
Srov2 Output enable bit (SM2,) 

0 : 1/0 port 

1 : Sppy2 signal output 
Transfer direction select bit (SM2z) 

O : LSB first 

1 : MSB first 


Synchronization clock select bit (SM2,) 
0 : External clock 
1 : Internal clock 





Fig. 15 Structure of serial |/O2 control register 


Internal 
synchronization 
Q clock Data bus 


select bits 


Pfs lateh Synchronization 


. is 4 clock select bit aqe 
re Srov2 Synchronization 
1 - circuit 


Srpoy2 Output enable bit 


External clock 
P7> latch 


*Q” 55 
Pl2/Scixe ©) A care Le Serial I/O counter 2 (3) 
Serial 1/O2 port select bit Serial 1/02 
P7, latch interrupt request 


“Q” 
P7,/Soutz2 
aly Ba @ 
Serial |/O2 port select bit —_—? 
P7o/Sin2 CO) Serial |/O shift register 2 (8) 





Fig. 16 Block diagram of serial |/O2 function 
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Transfer clock (Note 1) 


Serial |/O2 register 
write signal 


Serial |/O2 output Soyrte 


Serial 1/02 input Sino 


Receive enable signal 


Srpyz 
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(Note 2) 


(Po K_D1 X_P2] X_Ds XK _Ds K_Os_X_Ds_K__:D7/ 


Serial |/O2 interrupt request bit set 


Note 1. When the internal clock is selected as the transfer clock, the divide ratio can be selected by setting bits 0 to 2 of the serial 1/02 


control register 


2. When the internal clock is selected as the transfer clock, the Sour2 pin goes to high impedance after transfer completion 





Fig. 17 Timing of serial 1/O2 function 
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A-D CONVERTER 
The functional blocks of the A-D converter are described 
below. 


[A-D Conversion Register] 

The A-D conversion register is a read-only register which 
contains the result of an A-D conversion. This register 
should not be read during an A-D conversion. 


[AD/DA Control Register] 

The AD/DA control register controls the A-D conversion 
process. Bits 0 to 2 select a specific analog input pin. Bit 3 
signals the completion of an A-D conversion. The value of 
this bit remains at “O” during an A-D conversion, and 
changes to “1” when an A-D conversion ends. Writing “0” to 
this bit starts the A-D conversion. Bits 6 and 7 are used to 
control the output of the D-A converter. 


[Comparison Voltage Generator] 

The comparison voltage generator divides the voltage be- 
tween AVss and Vrer into 256 steps for comparison to the 
analog input. 


[Channel Selector] 
The channel selector selects one of the ports P6,/ANp to 
P67/AN7, and inputs the voltage to the comparator. 


Data bus 





[Comparator and Control Circuit] 

The comparator and control circuit compares an analog in- 
put voltage with the comparison voltage, then stores the re- 
sult in the A-D conversion register. When an A-D conver- 
sion is complete, the control circuit sets the A-D conversion 
completion bit and the A-D interrupt request bit to “1”. 

The comparator contains a capacitor, so f(X,,) should be at 
least 500KHz during an A-D conversion. 


AD/DA control register 
(ADCON address 0034) 


Analog input pin select bits 
b2 b1 b0 
00 0 : P6>/ANo 
01 : P6,/AN, 
10 : P62/AN2 
11 : P63/AN3 
00 : P6,4,/AN, 
01 
LO 


: P65/ANs 
P6,_/ANg 
111 =: P67/AN; 
A-D conversion completion bit 
0 : Conversion in progress 
1 : Conversion completed 


D-A1 output enable bit 
0 : D-A1 output disabled 
1 : D-A1 output enabled 


D-A2 output enable bit 
0 : D-A2 output disabled 
1 : D-A2 output enabled 


Fig. 18 Structure of AD/DA control register 


b7 Be 
AD/DA control register ro { {| | >— ft ff ft 


(address 0034,,) 


P6o/ANo 
P6,/AN, 
P6./AN> 
P63/AN3 
P64/AN, 
P65/ANs 
P65/ANg 
P67/AN; 


Channe! selector 


Fig. 19 Block diagram of A-D converter 


x A-D control circuit - 


Comparator 





> A-D interrupt request 


A-D conversion register (Address 0035;¢) 


Resistor ladder 


Vrer AVss 





ae SR 
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D-A CONVERTER 

Microcomputers of the M3806x group have two internal D-A 
converters (D-A1 and D-A2) with 8-bit resolutions. 

The D-A converter outputs a voltage corresponding to the 
value in the D-A conversion register. The voltage is output 
from the DA, or DA» pin by setting the D-A output enable 
When using the D-A converter, the corresponding port 
direction register bit (DA,/P5. or DA,/P57) should be set to D-A1 output enable bit 
“0” (input status). R-2R resistor ladder O~ O——(_) P5¢/DA, 
The output analog voltage V is determined by the value n 
(base 10) in the D-A conversion register as follows: 


V=Vrer X n/256 (n=0 to 255) 
Where Vrer is the reference voltage. 


: ; anne D-A2 conversion register (8) 
At reset, the D-A conversion registers are cleared to “00”, 


the D-A output enable bits are cleared to “0”, and the P5,/ D-A2 output enable bit 
DA, and P57/DA2 pins are set to input (high impedance). 

R-2R tor ladd O——(_) P57/DA 
The D-A output is not buffered, so the user must supply an = ore 
external buffer when driving a low-impedance load. 
Set Vcc to at least 4.0V, when using the D-A converter. 





Fig. 20 Block diagram of D-A converter 


“0” D-Ai output enable bit R 
O) 


P51/DAI Sc 


D-Ai conversion 
register 


AVss 


VREF 





Fig. 21 Equivalent connection circuit of D-A converter 
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RESET CIRCUIT 

A microcomputer in the M3806x group is reset if the RESET 
pin is held at a “L” level for at least 2us then is returned to (1) Port PO direction register (00 0 1 46)-* 0016 

a “H” level (the power supply voltage should be between (2) Port P1 direction register (0003y)"| 00m 
4.0V and 5.5V). In order to give the Xj clock time to stabil- 

ize, internal operation does not begin until after 8 to 12 Xin, 
clock cycles are complete. After the reset is completed, (4) Port P3 direction register (00 0 746): 0046 
the program starts from the address contained in address 
FFFD..¢ (upper byte) and address FFFC;¢ (lower byte). 
Make sure that the reset input voltage is no more than 0.8V 
for a power supply voltage of 4.0V. (7) Port P6 direction register (00 0 Dig): 0016 


Address Register contents 





(3) Port P2 direction register (0 0 0 546): 0016 


(5) Port P4 direction register (00 0 9i6)-° 0016 


(6) Port P5 direction register (00 0 Byg)::: 0016 


(8) Port P7 direction register (0 0 0Fy6.)::: 0016 


(9) Port P8 direction register (001 146): 0016 


(10) Serial 1/01 status register (00 1 946):*:] 1 0/0} 0} 0} 0)0 


(11) Serial 1/01 control register (00 1 Aig): 0016 


(12) UART control register (00 1 Big): 1 1 0 ‘0 0 lo] 
(13) Serial 1/02 control register (0 0 1 Dig): 0016 


Power 
voltage 





Reset input 


voltage OV 





(14) Prescaler 12 (00 2 O46): FFi6 





(15) Timer 1 (0 02) 16° Otis 








(16) Timer 2 (00 2 246): FFi6 





(17) Timer XY mode register (00 2 346)-* 0016 








(18) Prescaler X (00 2 446)" FFi¢ 
SS 
(19) Timer X (00 2 546)-* FFi¢ 


(20) Prescaler Y (00 2 Bie) FF 4, 








(21) Timer Y (00 2 746)°" FFi6 


(22) AD/DA control register (00 3 4i¢)°|0/0)/0/0/1/0;)0/0 








(23) D-A1 conversion register (0 0 3 646): 0016 





M3806x (4) D-A2 conversion register (00 3 746): 0016 











(25) Interrupt edge selection register (0 0 3 Ayg)::: 0016 





Fig. 22 Example of reset circuit oe 
(26) CPU mode register (0 0 3 Big): | 0/0 0'0!10//0 








I. 
27) Interrupt control register 1 (0 0 3 Ei6)°: 0016 








(28) Interrupt control register 2 (00 3F 16)***| 0016 


(29) Processor status register (PS) |X x| xX 











(30) Program counter (P Cy) [Contents of address FFFD 4. 








(PGi) [Contents of address FFFCi¢ 





Note : X : Undefined 
* : The initial values of CM, are determined by the level at the 
CNVss pin 
The contents of all other registers and RAM are undefined 
after a reset, so they must be initialized by software 





Fig. 23 Internal status of microcomputer after reset 
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(Xin) 
$ 


RESET 
RESET our 


(internal reset) 
SYNC 


Address (7X2 KKK FEC K FFD KAD ADD 
Data CTX TKK XA KA 


Note 1: f(Xiy) and ¢ are in the relationship f(Xy)=2¢ 


2: A question mark ( ? ) indicates an undefined status that depends on the 
previous status 


Reset address from vector table 


8 to 12 clock cycles 





Fig. 24 Timing of reset 
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CLOCK GENERATION CIRCUIT 

An oscillation circuit can be created by connecting a re- 
sonator between Xin and Xoyr. When using an external 
clock signal, input the clock signal to the X,, pin and leave 
the Xour pin open. 


Oscillation Control 

(1) Stop Mode 
lf the STP instruction is executed, oscillation stops with 
the internal clock ¢ at “H”. Timer 1 is set to “FF,” and 
prescaler 12 is set to “014,” 
Oscillation restarts when an external interrupt is re- 
ceived, but the internal clock ¢ remains at “H” until tim- 
er 1 overflows. 
This allows time for the clock circuit oscillation to sta- 
bilize. If oscillation is restarted by a reset, no wait time 
is generated, so keep the RESET pin at “L” level until 
oscillation has stabilized. 

(2) Wait Mode 
lf the WIT instruction is executed, the internal clock ¢ 
stops at a “H” level, but the oscillator itself does not 
stop. The internal clock restarts if a reset occurs or 
when an interrupt is received. 
Since the oscillator does not stop, normal operation can 
be started immediately after the clock is restarted. 
To ensure that interrupts will be received to release 
the STP or WIT state, interrupt enable bits must be set 
to “1” before the STP or WIT instruction is executed. 


Interrupt request 
Reset 


STP instruction 


Interrupt disable 
flag (1) 


ONW pin 
Single-chip mode 


Fig. 27 Block diagram of clock generation circuit 





When the STP status is released, prescaler 12 and tim- 
er 1 will start counting and reset will not be released 
until timer 1 overflows, so set the timer 1 interrupt en- 
able bit to “0” before the STP instruction is executed. 





Fig. 25 Ceramic resonator circuit 


External oscillator 





Fig. 26 External clock input circuit 


Reset 


a ) output 


| Prescaler 12 | 12 


Reset or STP instruction 
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PROCESSOR MODES 

Single-chip mode, memory expansion mode, and micro- 
processor mode can be selected by changing the contents 
of the processor mode bits CMy and CM, (bits 0 and 1 of 
address 003B;,¢). In memory expansion mode and micro- 
processor mode, memory can be expanded externally through 
ports PO to P38. In these modes, ports PO to P3 lose their 
1/O port functions and become bus pins. 


Table 2 Functions of ports in memory expansion mode 
and microprocessor mode 


Port Name Function 
| Port PO Outputs lower byte of address. 


Outputs upper byte of address 
Operates as I/O pins for data D7 to Do 
(including instruction codes) 


Port P1 


Port P2 





P39 and P83, function only as output pins 
(except that the port latch cannot be 
read) 

P32 is the ONW input pin. 

P3, is the RESETouz output pin (Note) 
P3, is the ¢ output pin. 

P35 1s the SYNC output pin. 

P3, 1s the WR output pin, and P3, Is the 
RD output pin 





Note : If CNVss is connected to Vss, the microcomputer goes to single- 
chip mode after a reset, so this pin cannot be used as the 
RESETour output pin 


®@ Single-Chip Mode 
Select this mode by resetting the microcomputer with 
CNVss connected to Vgg. 

@ Memory Expansion Mode 
Select this mode by setting the processor mode bits to 
“01” in software with CNVss connected to Vss. This mode 
enables external memory expansion while maintaining 
the validity of the internal ROM. Internal ROM will take 
precedence over external memory if addresses conflict. 

@ Microprocessor Mode 
Select this mode by resetting ‘the microcomputer with 
CNVss connected to Vcc, or by setting the processor 
mode bits to “10” in software with CNVss connected to 
Vss. In microprocessor mode, the internal ROM is no lon- 
ger valid and external memory must be used. 











GLLMAIEA, 


SFR area 


Vhbadddd 


SFR area 


Internal RAM 


reserved area 


Internal RAM 
reserved area 


YYYY 16 
Internal ROM 


FFFFi¢ 


Memory expansion mode Microprocessor mode 


The shaded areas are external memory areas 
* = YYYYi¢ Is the start address of internal ROM 


Fig. 28 Memory maps in various processor modes 


CPU mode register 
(CPUM address 003B;¢) 


Processor mode bits 
b1b0 
0 0 : Single-chip mode 
1 > Memory expansion mode 
Q : Microprocessor mode 
1 : Do not use 


1 
1 


Stack page select bit 
0 : RAM tn the zero page Is used 
as stack area 
1 : RAM in page 1 Is used as 
stack area 


Fig. 29 Structure of CPU mode register 
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Bus Control with Memory Expansion _ 
Microcomputers of the M3806x group have a built-in ONW 
function to facilitate access to extra memory and I/O func- 
tions in memory expansion mode or microprocessor mode. 
lf an “L” level signal is input to the ONW pin when the CPU 
is in a read or write state, the corresponding read or write 
cycle is extended by one cycle of ¢. During this extended 
period, the RD or WR signal remains at “L”. This extension 
period is valid only for writing to and reading from addres- 
ses 0000;¢ to 0007;, and 0440,, to FFFF,., and only read 
and write cycles are extended. 


Read cycle Dummy cycle Write cycle Read cycie Dummy cycle Write cycle 


" co 
ndwtoabs X | | XX 


* > Period during which ONW input signal is received 
During this period, the ONW signal must be fixed at either “H” or “L” At all other times, the input level of the ONW signal has no affect 


on operations. 
The bus cycles ts not extended for an address in the area 0008,, to 043F,., regardless of whether the ONW signal ts received 





Fig. 30 ONW function timing 
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NOTES ON PROGRAMMING 

Processor Status Register 

The contents of the processor status register (PS) after a 
reset are undefined, except for the interrupt disable flag (1) 
which is “1”. Therefore, flags that affect program execution 
must be initialized after a reset. 

In particular, it is essential to initialize the T and D flags be- 
cause of their effect on calculations. 


Interrupts 

The contents of the interrupt request bits do not change im- 
mediately after they have been written. After writing to an 
interrupt request register, execute at least one instruction 
before performing a BBC or BBS instruction. 


Decimal Calculations 

To calculate in decimal notation, set the decimal mode flag 
(D) to “1”, then execute a ADC or SBC instruction. Only the 
ADC and SBC instructions yield proper decimal results. Af- 
ter executing an ADC or SBC instruction, execute at least 
one instruction before executing a SEC, CLC, or CLD in- 
struction. 


In decimal mode, the values of the negative (N), overflow 
(V), and zero (Z) flags are invalid. 

The carry flag can be used to indicate whether a carry or 
borrow has occurred, but must be initialized before each 
calculation. Clear the carry flag before an ADC and set the 
flag before an SBC. 


Timers 
If a value n (between 0 and 255) is written to a timer latch, 
the frequency division ratio is 1/(n+1). 


Multiplication and Division Instructions 

The MUL and DIV instructions do not affect the T and D 
flags. 

The execution of these instructions does not change the 
contents of the processor status register. 


Ports 

The contents of the port direction registers cannot be read. 
Programs can not use the value of a direction register as an 
index, or bit-test a direction register (BBC or BBS), or per- 
form a read-modify-write instruction such as ROR, CLB, or 
SEB. Use instructions such as LDM and STA to set the port 
direction registers. 


Serial /O 

In clock synchronous serial I/O, if the receive side is using an 
external clock and it is to output the Srpy: signal, set the 
transmit enable bit, the receive enable bit, and the Sgpy, out- 
put enable bit to “1”. 

Serial |/O1 continues to output the final bit from the TxD pin 
after transmission is completed. The Sourt2 pin from serial 
1/02 goes to high impedance after transmission is completed 








A-D Converter 

The comparator uses internal capacitors whose charge will 
be lost if the clock frequency is too low. 

Make sure that f(Xj;y) is at least 500kHz during an A-D con- 
version. (If the ONW pin has been set to “L”, the A-D conver- 
sion will take twice as long to match the longer bus cycle, 
and so f(X,,) must be at least 1MHz. ) 

Do not execute the STP or WIT instruction during an A-D 
conversion. 





D-A Converter 

The accuracy of the D-A converter becomes poor rapidly 
under the Voc =4.0V or less condition. So set Vcc to at least 
4.0V, when using the D-A converter. 


Instruction Execution Time 

The instruction execution time is obtained by multiplying the 
frequency of the internal clock ¢by the number of cycles 
needed to execute an instruction. 

The number of cycles required to execute an instruction is 
shown in the list of machine instructions. 

The frequency of the internal clock ¢is half of the Xi fre- 
quency. 

When the ONW function is used in modes other than single- 
chip mode, the frequency of the internal clock ¢ may be one 
fourth the X,, frequency. 
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DATA REQUIRED FOR MASK ORDERS 
The following are necessary when ordering a mask ROM 
production: 
1. Mask ROM Order Confirmation Form 
2. Mask Specification Form 
3. Data to be written to ROM, in EPROM form (three 
identical copies) 


ROM Writing Method 

The built-in PROM of the blank one-time programmable 
version and built-in EPROM version can be read from and 
written to with an normal EPROM writer using a special 
write adapter. 


The PROM of the blank one-time programmable version is 
not tested or screened after assembly. To ensure proper 
operation after writing, the procedure shown in Figure 31 is 
recommended to verify programming. 


Writing with PROM writer 


Screening (Note) 
(150°C for 40 hours) 






Verification with PROM writer 
Functional check in target device 


Note : The screening temperature is far higher than 
the storage temperature Do not leave the 
microcomputer at 150°C for longer than 100 hours 





Fig. 31. Writing and testing of one-time programmable 
version 
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ABSOLUTE MAXIMUM RATINGS 


Supply voltage —0.3 to 7.0 
Input voltage PQ9-P07, P19-P17, P2o-P27, 
P39-P37, P49-P47, P5o-P57, —0.3 to Veco +0. 3 
P69-P67, P79-P77, P89-P87, Vrer 
input voltage RESET, XIN 
Input voltage CNVss 
Output voltage PQ o-P0Q7, P19-P17, P29-P27, 
P39-P37, P49-P47, P5o-P57, —0. 3 to Veco +0. 3 
P69-P67, P79-P77, P89-P87, Xout 
Power dissipation 500 











All voltages measured with reference to the 
| ~—0.3 to Veo. 3 
Vss pin, output transistors isolated 

















Toor Operating temperature —20 to 85 











Storage temperature —40 to 125 


Limits 
a Unit 
Min Typ Max 
Supply voltage (f(X;y) S2MHz) 3.0 5.0 
Supply voltage (f( Xin) >2MHz) 4.0 5.0 


Supply voltage (when D-A converter 1s used) 4.0 5.0 





Parameter 














Supply voltage 0 
Pehl aaa Soe ie ee Say Be De SER 2 tec ea ENR LO a ee OE zo 
Analog reference voltage (when A-D converter ts used) 2.0 Voc 





Se ee ee 
Analog reference voltage (when D-A converter is used) 4.0 Voc 


Analog power voltage 
Analog input voltage ANo-AN;7 AVss Voc 
“H” input voltage PQo-P07, P19-P17, P29-P27, P39-P37, P4o-P47, 
P59-P57, P69-P67, P7o-P77, P89-P87 
“H” input voltage RESET, Xin, CNVss 0. 8Vcc 
“L” input voltage POo-P07, P1o-P17, P2o-P27, P39-P37, P4y-P4z, 
P5o-P57, P6o-P67, P7o-P77, P89-P87 
“L” input voltage RESET 
“L” input voltage Xin 


| “L” input voltage CNVgs 
> lou(peak) “H” total peak output current PQy-P07, P19-P17, P2o-P27, P39-P37, P8o-P87 (Note 1) 
wane es 


= lon(peak) | “H” total peak output current P4p-P47, P59-P57, P69-P67 (Note 1) 








0. 8Vcc Vcc 











0 






































Xloupeak) | “L” total peak output current POo-P07, P1o-P17, P2o-P27, P3o-P37, P8o-P87 (Note 1) 
2. lou(peak) “L” total peak output current P4 9-P47, P59-P57, P69-P67, P7p-P77 (Note 1) 
“H” total average output current PO9-P07, P19-P17, P29-P27, P39-P37, 
P89-P87 (Note 1) 
2 lou(avg) | “H” total average output current P4o-P47, P5o-P57, P6o-P67 (Note 1) 
“L” total average output current POQ9-P07, P19-P17, P29-P27, P39-P3;, 
P89-P87 (Note 1) 
“L” total average output current P4g-P47, P5o-P57, P6o-P67, P7p-P7; (Note 1) 
“H” peak output current PQ g-P07, P19-P17, P2)-P2,, P39-P37, P49-P4z, 
a P59-P57, P69-P67, P89-P87 (Note 2) 
“L” peak output current PQ -P07, P19-P17, P29-P27, P389-P37, P49-P47, 
lou(peak) P59-P57, P6y-P67, P7-P77, P89-P8, (Note 2) 
0-F97, POg-FO7, P/o-P/7, PO9-P'67 
“H” average output current PO9-P07, P1ig-P17, P2o-P27, P39-P37, P49-P4z, 
P59-P57, P6s-P67, P8o-P87 (Note 3) 
“L” average output current PQ9-P0Q7, P19-P17, P29-P27, P39-P37, P49-P4;, 
P59-P57, P6o-P67, P7o-P77, P89-P87 (Note 3) 


internal clock oscillation frequency (Voc=4. 0~5. 5V) 


























2 lon(avg) 




















2lot(avg) 











lou(peak) 














lon(avg) 














lor(avg) 




















f(Xin) 











Internal clock oscillation frequency (Voc=3. 0~5. 5V) 


Note 1 The total output current is the sum of all the currents flowing through all the applicable ports The total average current is an average value me- 
asured over 100ms The total peak current is the peak value of ail the currents 
2 The peak output current is the peak current flowing tn each port 
3 The average output current Io, (avg), lon (avg) in an average value measured over 100ms 
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ELECTRICAL CHARACTERISTICS (Vec = 3.0 to5.5V, Vsg = OV, Ta = —20 to 85, unless otherwise noted) 


| Limits 
Parameter Test conditions Unit 














< 
Q 
o 
ne 
oO 






















“H” output voltage PQ9-P07, P19-P17, P2o-P27, lon=— 1OmA 
Voc=4. 0~5. 5V 
Von P39-P37, P49-P47, P5o-P57, 
lon=—1 .OmMA Veco 
P60-P67, P8-P87 (Note 1 ) Voc=3. 0~5. 5V 
“L” output voltage PQ -P07, P19-P17, P2o-P27, loL=10mA 
Voco=4. 0~5. 5V 
VoL P39-P37, P49-P47, P5o-P57, 
lo.=1 .OmA 
P6o-P67, P79-P77, P8-P87 Voc=3. 0~5. 5V 


“H” input current PQo-P07, P19-P17, P2o-P27, 

P39-P37, P49-P47, P59-P57, 

P6o-P67, P79-P77, P8o-P87 

“H” input current RESET, CNVss 

“H” input current Xin 

“L” input current PQo-P07, P19-P17, P29-P27, 
P39-P37, P49-P47, P5o-P57, 
P6o-P67, P7o-P77, P8-P87, 
RESET, CNVsg 


Plies <a “L” input current Xin 
RAM hold voltage 








2 
ro) 













With clock stopped 

(Xin) =8MHz, Voc=5V 

(Xin) =5MHz, Voc=5V 

{(Xin) =2MHz, Voc=3V 

When WIT instruction ts executed with f(Xij) =8MHz, Voco=5V 


Y 
ro) 


Supply current 





When WIT instruction is executed with f(Xin) =5MHz, Voc=5V 


When WIT instruction is executed with f(Xijqj)=2MHz, Voc=3V 


When STP instruction is executed | Ta=25°C (Note 2) 
with clock stopped, Sey 
output transistors isolated Ta=85° (Note 2) 


S| |> >} | | e|e}2 
Myer BS > Oo & 


= 
> 


Note 1 : P4; is measured when the P4,/T,D P-channel output disable bit of the UART control register (bit 4 of address 001B,,) is “0” 
2. With output transistors isolated and A-D converter having completed conversion, and not including current flowing through Vprer pin 


A-D CONVERTER CHARACTERISTICS 


(Voc=3. 0 to 5. 5V, Vsg=AVss=0V, Vacr=2. OV to Voc, Ta=—20 to 85°C, unless otherwise noted) 


P= [Resouton ——C~“‘“S*S*~*~*™ 
oa Absolute accuracy (excluding quantization error) 


tconv Conversion time 
Ladder resistor 


Reference power source input current (Note) Vrer=. OV 
A-D port input current 


Note : When D-A conversion registers (addresses 0036; and 00371.) contain “004,” 








D-A CONVERTER CHARACTERISTICS 


(Voc=4. 0 to 5.5V, Vsg= AVes=O0V, Vrer=4. OV to Voc, Tg=—20 to 85°C, unless otherwise noted) 


Limits 
Symbol Parameter Test conditions 
Min Typ 


fF Resolution 

fF Absolute accuracy 

[ee | aa ereSN 
PR. <<. Output resistor 

Reference power source input current (Note) 


Note : Using one D-A converter, with the value in the D-A conversion register of the other D-A converter being “00,,”, and excluding currents flowing 
through the A-D resistance ladder 
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TIMING REQUIREMENTS 1 (Vcc =4.0 to5.5V, Vss = OV, Ta = —20 to 85C, unless otherwise noted) 


Limits 
Symbol Parameter 
p 


Reset input “L” pulse width 


Unit 


—+ 
< 





iS 


tw(RESET) 


at 
NO 
o1 


External clock input cycle time 





twHOay) External clock input “H” pulse width 


CNTRo, CNTR; input cycle time 
twH(CNTR) CNTRo, CNTR; tnput “H” pulse width 
twHCUNT) INTo to INT, input “H” pulse width 
twLe(cntrR) CNTRo, CNTR; input “L” pulse width 

he INTo to INT, input “L” pulse width 


NO 
oan 
O;O;O 






tWLeUNT) 






10.2] 
O}0O)o 
O;oO 









te(soik1) Serial 1/01 clock input cycle time (Note) 0 

Serial |/O2 clock input cycle time oe Ue 
tWH (Sci) Serial 1/01 clock input “H” pulse width (Note) 370 
tWH(SoLK2) Serial 1/02 clock input “H” pulse width 


Serial 1/01 clock input “L” pulse width (Note) 


tWe(soika) Serial 1/02 clock input “L” pulse width 40 
220 






Ws 
NS} Oo 
O;o;o 







Serial 1/01 input set up time 









tsuc RxD-So.K1) 








tsu(siyo-Scikz) | Serial 1/O2 input set up time 





Serial 1/01 input hold time 
Serial |/O2 input hold time 


Note : When f(Xiy)=8MHz and bit 6 of address 001Aj¢ is “1” Divide this value by four when f(Xiy)=8MHz and bit 6 of address 001Aj¢ is “0” 


thi soiki-RxD) 


Dw) ie) 
© © 


TIMING REQUIREMENTS 2 (Vec =3.0 to 5.5V, Vsg = OV, Ta = —20 to 85, unless otherwise noted) 


Parameter Limits 
tw (RESET) Reset input “L” pulse width 
to( xy) External clock input cycle time 

External clock input “H” pulse width 

External clock input “L” pulse width 


teo(cNTR) CNTRo, CNTR; input cycle time 
tWH(cNTR) CNTRo, CNTR; input “H” pulse width 
tWHCUNT) INT to INT, input “H” pulse width 


CNTRo, CNTR; input “L” pulse width 

INTo to INT, Input “L” pulse width 

Serial 1/01 clock input cycle time (Note) 
te(sorke) Serial 1/02 clock input cycle time 

Serial 1/01 clock input “H” pulse width (Note) 

Sertal 1/02 clock input “H” pulse width 


Serial 1/01 clock input “L” pulse width (Note) 
Serial 1/02 clock input “L” pulse width 


tsu(R,D-Sc_K;)| Serial 1/01 input set up time 











tsu(sino-SoK2) | Serial 1/02 input set up time 
thisciks-Rxb) | Serial 1/01 input hold time 


Seria! |/O2 input hold time 


Note : When f(Xiy)=2MHz and bit 6 of address 001Aj¢ is “1” Divide this value by four when f(X,)=2MHz and bit 6 of address 001Aij¢ is “0” 
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SWITCHING CHARACTERISTICS 1. (Voc = 4.0 to 5. 5V, Vsg = OV, Ta = —20 to 85°C, unless otherwise noted) 


Symbol Parameter 


Serial 1/01 clock output “H” pulse width 
Serial 1/02 clock output “H” pulse width 
Sertal 1/01 clock output “L” pulse width 
Serial |/O2 clock output “L” pulse width 


tdisciki—TD) | Serial 1/01 output delay time (Note 1) 


td(scike—-Sout2)| Serial 1/02 output delay time 


Serial |/O1 output valid time (Note 1) 
Serial |/O2 output valid time 

Serial 1/O1 clock output rise time 
Serial 1/01 clock output fall time 


CMOS output rise time (Note 2) 
CMOS output fall time (Note 2) 


Note 1 - When the P4;/T,D P-channel output disable bit of the UART control register (bit 4 of address 001By¢) is “0” 
2: Xour pin excluded. 





Measurement output pin _ i 
Measurement output pin CO-— 


100pF 


1, 100pF 
CMOS output | 


N-channel open-drain output 





Fig. 32 Circuit for measuring output switching characteristics (1) 


SWITCHING CHARACTERISTICS 2 (Voc = 3.0 to 5.5V, Vsg = OV, Tag = —20 to 85°C, unless otherwise noted) 


Symbol Parameter 


Serial 1/01 clock output “H” pulse width te(SoiK1)/2—50 
Serial 1/02 clock output “H” pulse width te(ScLq2)/2—240 
Serial 1/01 clock output “L” pulse width to(SoiK1)/2—50 
Serial |/O2 clock output “L” pulse width te(Scik2)/2—240 
Serial |/O1 output delay time (Note 1) 

=30 
Serial 1/O2 output valid time . 
Serial 1/02 clock output fall time 

CMOS output fall time (Note 2) 


Note 1 : When the P4;/T,D P-channel output disable bit of the UART control register (bit 4 of address 001Bj.) is “O” 
2: Xour pin excluded. 


< 
ne] 


350 
. 2X telsoi ks) 


foo) 


on 
co) 


a 
oO 


ory) O11] oI 
O;O;O 





NO} Rd 
oO;oO 
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TIMING REQUIREMENTS IN MEMORY EXPANSION MODE AND MICROPROCESSOR MODE 


(Voc = 4.0 to 5.5V, Vsg = OV, Ta = —20 to 85°C, unless otherwise noted) 


Symbol Parameter 


ONW input set up time 


ONW input hold time 
Data bus set up time 
Data bus hold time 





SWITCHING CHARACTERISTICS. IN MEMORY EXPANSION MODE AND MICROPROCESSOR MODE 


(Voc = 4.0 to 5.5V, Vsg = OV, Ta = —20 to 85°, unless otherwise noted) 


# clock cycle time 


twH(¢) ¢ clock “H” pulse width 
twL(¢) ? clock “L” pulse width 


td( ¢—AH) ADs to ADg delay time 

















ty( ¢—AH) ADj5 to ADg valid time — 
td(¢—aL) _ AD7 to ADo delay time 





ty( ¢—AL) AD7 to ADp valid time 
td(¢—syYNc) SYNC delay time 
ty(g—sYNC) SYNC valid time 


td(g—wan) RD and WR delay time 
ty. ¢—wr_) RD and WR valid time 








td(¢—pB) 
tv. ¢—pB) 
tac RESET— RESETour) 








Note 1: The RESET our output goes “H” in sync with the rise of the ¢ clock that is anywhere between about 1 cycle and 19 cycles after the RESET in- 
put goes “H” 


Measurement output pin a ahs 


100pF 


ve 


CMOS output 





Fig. 33 Circuit for measuring output switching characteristics (2) 
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TIMING DIAGRAM 


(1) Timing diagram 













































































CNTRo, CNTR, 
tWHCINT) twe(int) 
a ae ea 
INTo-INT, 0. 8Vcc 
0. 2Vcc 
tw(RESET) 
es 0. B8Vcc 
tec xin) 
Xin 
te(serni)» te(serKg) 
tWUsciKy) tWe(sei Ks) 
Scikt 
Scie 0. 2Vcc 
tsu(RxD—Sovkt ys thiscrks —RxD)s 
tsu(siwo—Scike) thiscrk2—Sinz) 
y oO CK DKORKRK KOKO 
Sw SOS RR RRR 0.200 PRRRRRRKRRRRK 
tWiscLKs —TyxD)s 
tdi sorki—TxD)» 'd(SeLK2—SouT2) tv(SeLKe—SouTe) 

TxD 


Sout2 
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(2) Timing diagram in memory expansion mode and microprocessor mode 









tc 
tWH(¢) | 
J aa | 
0. 5Voc 
td( ¢—AH) 
hi Sco ; 
td(¢—av) 


on en 
on Dc 


tvi ¢—wr) 


RD, WR 

tsuconw-—g) | th g—onw) 
a VAVAVAVAVAVAVAVAVAVAVAVAVAY GLEE vA 
ONW XXX ,0,9.0.9,0,0.0, Cee IVA 
DBy-DB, 


(At CPU reading) 


td(¢—pB) 


(At CPU writing) ( 


(3) Timing diagram in microprocessor mode 






RESET 
¢ 

td(RESET—RESEToy7) ty(é—RESEToyy) 
RESETourt 0. 5Vce 
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DESCRIPTION 

The M3810x group is made up of 8-bit microcomputers 
based on the MELPS 740 core. 

The M3810x group is designed mainly for VCR control, and 
include four 8-bit timers, a PWM function, and a 4-bit com- 
parator circuit. 

The various microcomputers in the M3810x group include 
variations of internal memory size and packaging. For de- 
tails, see the section on part numbering. 

For details on availability of microcomputers in the M3810x 
group, see the section on group expansion. 


FEATURES 

@ Basic machine-language instructions -*-:***+:771ts8s- 71 

@ Instruction execution times srr 0.95us 
(shortest instruction at 4.19MHz oscillation frequency ) 

@ Memory size ; 
ROM er re rr ee ee 4K to 32K bytes 
RAM Cece eee e eee reer w cere seseesseereesreseeeesenee 192 to 1024 bytes 


P6_/AN +> [60 


P6; 
P69/PWM << 
P57/Srapy2 + 
P52/Scik1 +12] 
P51/Sout1 +L] 


P50/Sin1 
P47/Tout 


e@ Programmable input/output ports wibisseiwelezele, ee ieia s eeiets.w wie ace 6: ein 76:8 27 
@ High-breakdown-voltage output ports ---7--7s7erssseeee 28 
@ Interrupts ssrrrrereeseee teers tee 11 sources, 11 vectors 
e@ Timers re ee ETT Tree Eee Ee eC ETI Rete eo oe 8-bitx 4 
@ Serial Orr 8-bitX 2 (Clock-synchronized) 
] PWM output circuit gid pila obs dtb Siero os wie pi'ovaveveiie teva prevereree Wis. euese's/ es 14-bitX 1 
e Comparator circuit aca bia at a AVG 0;0\ sre.'5 bio:e © aie ce a elere ce ere ie. gS OSa e568 4-bitX 1 
@ 2 Clock generation circuit 

Clock (Xiw-Xour) coc Internal feedback amplifier 

Sub clock (Xcin-Xcout) °7"°"" Internal amplifier without feedback 
e Supply voltage ee eee ee ee eee Te ee eee hee 4.0 to 5.5V 
@ Low power dissipation 

in high-speed operation WOTTeTEVECe veer ere errr e rere eee 25mWw 

(at 4.19MHz oscillation frequency) 

in low-speed OPETALION fhe sseeet teeters ce eeens shaders 300uW 

(at 32kHz oscillation frequency) 
@ Operating temperature range --:*:--7"7-7"" —10 to +85°C 
APPLICATIONS 


VCRs, tuners, musical instruments; office automation, etc. 


— P25 
+ P2, 
+ P2, 
ad P23, 
+ P2, 
+> P2, 
+> P2, 
+ P2, 
Vss 
— Xout 
— Xin 
— Xcout 
— Xoin 
+ RESET 
+ P45/INTo 
+> P4,/INT, 


Package type : 64P6N 


64-pin plastic-molded QFP 





MITSUBISHI MICROCOMPUTERS 


M3810x Group 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 


PIN CONFIGURATION (TOP VIEW) 


\ 


P69/PWM 
P57/ Sroyv2 
P5¢6/Scike > 
PSs/Sour2 
P54/Sin2 
P53/Srpy1 + 
P52/Scik1 
P51/Sour1 > 
P5o/Sin1 
P47/Tout > 


c< 
.o) 
ia 
© 
N 
= 
q 
x 
x 
x 
O 
U 


P42/INT2 + 
P4,/INT, 
P4o/INTo > 

RESET — 


Package type - 64P4B 
64-pin shrink plastic-molded DIP 
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FUNCTIONAL BLOCK DIAGRAM (Package : 64P4B) 


Sub Sub 


Clock Clock clock clock 
input output input output Reset input - 
Xin Xout Xcin Xcour RESET Voc Vss Vee 





Timer (8) 


Timer2 (8) 













Timers (8) 


Timer4 (8) 





Tout 


Ae 
rad 
mt Tr Tt mi 


1: ae eich ect NENENEIEHE4 ead tat india AQEOEDEZEIEIESES 


INT o~ | NT» 


nS 


1/0 port P5 1/O port pare ard port P3 aren tras port P2 peared port P1 Output port PO 







YALNGUWODJOHUSIW SOW) LIE-8 dIHD-3ATINIS 


dnoi5 XOTSEW 


SHYALNMUWODOUDINW IHSIGNSLIW 
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PIN DESCRIPTION 


Power supply Power supply inputs 40 to 5 5V to Vcc, and OV to Vgs. 






Alternate Function 


Pull-down power Applies voltage supplied to pull-down resistors of ports PO, P1, P29-P23, and P3 









input 


Reset input 


Clock input 


Clock output 


To reset the microcomputer, thts pin should be kept at an “L” level for more than 2us under high-speed operating con- 
ditions In low-speed operation start mode, internal reset is not released until the Xcin-Xcour clock has had time to sta- 
bilize 

Input and output signals for the internal clock generation circuit It consist of internal feedback amplifier Connect a 
ceramic resonator or quartz crystal between the Xiy and Xour pins to set the oscillation frequency If an external clock ts 


used, connect the clock source to the Xiy pin and leave the Xour pin open This clock is used as system clok 


input and output signals for the internal sub clock generation circuit It consist of internal amplifier without feedback 
Connect a ceramic resonator or quartz crystal and external feedback resistor between the Xciy and Xcour pins If an ex- 


ternal clock 1s used, connect the clock source to the Xcin pin and leave the Xcour pin open This clock can also be 
Xcout Sub clock output used as the system clock 


Slee Ee ee ee Se eee ee 
PQ)-P0O7 Output port PO 8-bit output port The output structure is high-breakdown-voltage P-channel open drain with internal pull-down resistors 


connected between the output and the Veg pin 
P15-P17 Output port P1 
P2 9-P23 Output port P2 A 4-bit output port with the same function as port PO. 


Sub clock input 



















P2,4-P27 1/O port P2 A 4-bit I/O port An I/O direction register allows each pin to be individually programmed as either input or output At re- 
set this port is set to input mode The output structure of this port is CMOS 3-state, and the input levels are TTL com- 
patible. 

P39-P37 Output port P3 An 8-bit output port with the same function as port PO 

P4,/INTo Input port P4o 1-bit CMOS input pin External interrupt input pins 


P4,/INT;, 1/O port P4 A 7-bit CMOS I/O port with the same function as port P2,- 
P4./INT» P27, with CMOS compatible input levels. 
P4.,/CNTR Event counter input pin 
P42/Tour Timer output pin 
P50/Sin1, | !/O port PS An 8-bit CMOS 1|/O port with the same function as port | Serial 1/01 I/O pins 
P5,/Sour1; P2,4-P27 The output structure of this port is N-channel 
P50/Scik1; open drain, and the input levels are CMOS compatible 
P53/Srpyi Keep the input voltage of this port between OV and Vcc 
P5,4/Sino; Serial 1/02 I/O pins 
P5s/Sourta: 
PS¢6/Scrka, 
P57/Srpye2 




















P6,>/PWM | I/O port P6 An 8-bit CMOS 1|/O port with the same function as port | 14-bit PWM output pin 
P2,-P27, with CMOS compatible input levels 
P6,-P65 


P6,./AN Comparator input pin 
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PART NUMBERING 


Product name 


M3810 2 M 5 - XXX SP 


Package type 
SP : 64P4B package 
FP : 64P6N package 
SS : 64S1B package 
FS : 64D0 package 


ROM number 
Omitted in some types 


ROM/PROM size 


TON OMOBRWN — 


4096 bytes 


: 8192 bytes 

: 12288 bytes 
: 16384 bytes 
. 20480 bytes 


24576 bytes 


- 28672 bytes 
* 32768 bytes 


The first 128 bytes and the last two bytes of ROM are reserved areas, they can not be used 


Memory type 
M : Mask ROM version 
E : EPROM or one-time programmable version 


RAM size 


0 


NOON HP WP 


192 bytes 
256 bytes 
384 bytes 
512 bytes 
640 bytes 
768 bytes 
896 bytes 
1024 bytes 
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GROUP EXPANSION (2) Packages 


Mitsubishi plans to expand the M3810x group as follows: GAP AB Setter retinas perees 

(1) Support for mask ROM, one-time programmable, and G4 PEN o2ssers oreeeteeteienatinne nes 
EPROM versions 64S1 B weer e ccc eres eee s es ceesseees 
ROM/PROM capacity ped ee etree necceeenceeenees 12K-24K bytes GADO corre ccc rcect teeter tees 
RAM capacity s Satoh eG oie See e(eusre aw so uaweN ese wiense eee 384-512 bytes 


Memory expansion plan 


ROM size (bytes) 
32K 


New product 


' t 
' ' 
‘ ' 
' t , 
' ' ' 
1 t 1 
‘ 4 1 t ! 
' ‘ ' ‘ ‘ 
' ' ' 1 ' 
' ‘ . ' ' 
‘ ' . ' ' 
‘ 1 ’ , ‘ ‘ 
‘ ’ 1 ' t ‘ 
' ’ 1 ’ 1 ' 
wee ewe eee qos tetera eee te DR a ee eos 
’ ' ' . 1 ' 
‘ ' ’ ’ ‘ ' 
rey ’ 1 ' t ‘ 
‘ ’ t ' 
‘ , t ' 
. 1 ’ ' t 
1 ‘ 1 1’ 


Under developme 


Being plann 


512 640 


RAM size (bytes) 


192 256 384 


The development schedule and other details of products under development may be revised without notice 
Currently supported products are listed below 












Product name 
M38102M5-XXXSP 
M38102E5-XXXSP 
M38102E5SP 
M38102M5-XXXFP 









(P) ROM size (bytes)} RAM size (bytes) 
























896 





Package Remarks 
Mask ROM version 


64P4B | One-time programmable version 


One-time programmable version (blank) 
Mask ROM version 


Shrink plastic molded DIP 


ritteeeeeees Plastic molded QFP 
re eeeeeeeees Shrink ceramic DIP 
aiaieie sieuhiaeeetevee Saleaeeces Ceramic LCC 


' 
wea wewe % 
' 


As of March 1992 














M38102E5-XXXFP 
M38102E5FP 
M38102E5SS 
M38102E5FS 
M38103M6-XXXSP 
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One-time programmable version 

One-time programmable version (blank) 
EPROM version 
EPROM version 
Mask ROM version 


One-time programmable version 
One-time programmabie version (blank) 





One-time programmable version 





One-time programmable version (blank) 














M38103E6-XXXSP 64P4B 

M38103E6SP 

M38103M6-XXXFP Mask ROM version 
24K 512 

M38103E6-XXXFP 64P6N 

M38103E6FP 

M38103E6SS 64S1B EPROM version 

M38103E6FS 64D0 EPROM version 
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FUNCTIONAL DESCRIPTION 

CENTRAL PROCESSING UNIT (CPU) 

Microcomputers of the M3810x group use the standard 

MELPS 740 instruction set. Refer to the table of MELPS 

740 addressing modes and machine instructions or the 

MELPS 740 Software Manual for details on the instruction 

set. 

Machine-resident MELPS 740 instructions are as follows: 
The FST and SLW instructions are not available for use. 
The STP, WIT, MUL, and DIV instructions can be used. 


CPU MODE REGISTER 

The CPU mode register is allocated to address 003By¢. 

Bits 0 and 1 of this register are processor mode bits and 
should always be set to “0”. 

The CPU mode register contains the stack page selection 
bit. 

For details of the Xcoyr drivability selection bit, main clock 
stop bit, and internal system clock selection bit, see the 
section on the clock generation circuit. 


CPU mode register (CPUM : address 003By.) 


Processor mode bits 


0 0 : Single-chip mode 


: Do not use 


1 0 : Do not use 


: Do not use 


Stack page selection bit 


0 : RAM tn the zero page is used as stack area 
1 : RAM in page 1 ts used as stack area 


Xcour drivability selection bit 


0 : Low drive 
1: High drive 


Main clock (Xin-Xour) stop bit 


0 : Operating 
1: Stopped 


“Internal system clock selection bit 


Fig. 1 Structure of CPU mode register 





0 : Xin-Xour selected (high-speed operation mode) 
1 = Xcin-Xcour selected (low-speed operation mode) 
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MEMORY 

Special Function Register (SFR) Area 

The Special Function Register area contains registers 
which control functions such as I/O ports and timers, and is 
located in the zero page area. 

RAM 

RAM is used for data storage as well for stack area. 

ROM 

The first 128 bytes and the last two bytes of ROM are re- 
served for device testing and the rest is user area for stor- 
ing programs. 

Interrupt, Vector Area 

The interrupt vector area contains reset and interrupt vec- 
tors. 


RAM area 


RAM capacit 
pacly | address XXXXi6 
(bytes) 


0 | 


ROM capacit ; 
capaci'y | address YYYYi5 | Address ZZZZi¢ 
(bytes) 


F000%6 F080%¢ 


28672 
32768 














Fig. 2 Memory map diagram 


Zero Page 

The 256 bytes from addresses 0000,,¢ to OOFF,, are called 
the zero page area. The internal RAM and the special func- 
tion registers (SFR) are allocated to this area. 

The zero page addressing mode can be used to specify 
memory and register addresses in the zero page area. This 
dedicated zero page addressing mode enables access to 
this area with only 2 bytes. 


Special Page 

The 256 bytes from addresses FF00;, to FFFF,, are called 
the special page area. The special page addressing mode 
can be used to specify memory addresses in the special 
page area. This dedicated special page addressing mode 
enables access to this area with only 2 bytes. 


Reserved area 


Not used 


Reserved ROM area 
(common ROM area,128 bytes) 


Special 
Interrupt vector area page 


Reserved ROM area 
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Port PO (PO) 


Port P1 (P1) 


Timer 1 (T1 

Port P2 direction register (P2D) Timer 2 (T2 

Port P3 (P3) Timer 3 (T3 
ne an tr crate eet Timer 4 (T4) 
Timer 12 mode register (T12M) 
Timer 34 mode register (T34M) 
Port P5 direction register (P5D) PWM control register (PWMCON) 


Port P6 (P6) PWM register (upper) (PWMH) 


Port P6 direction register (P6D) ister (lower) (PWML) 


High-breakdown-voltage port control register (HVPC) 
Serial 1/01 control register (SIO1CON) 


Interrupt edge selection register (INTEDGE) 
Serial 1/01 register (SIO1) CPU mode register (CPUM) 

Interrupt request register 1 (IREQ1) 
Serial 1/O2 contro! register (SIO2CON) Interrupt request register 2 (IREQ2) 
Interrupt control register 1 (ICON1) 
Serial 1/02 register (SIO2) interrupt control register 2 (ICON2) 

































































Fig. 3 Memory map of special function register (SFR) 
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/O PORTS 
Direction Registers 


The M3810x group microprocessors have 27 programmable 
1/O pins arranged in four I/O ports (ports P2,~ P27, P4,~ 
P4,, P5, and P6). The I/O ports have direction registers 
which determine the input/output direction of each individual 
pin. Each bit in a direction register corresponds to one pin, 


each pin can be set to be input 


When “0” is written to the bit corresponding to a pin, that pin 
becomes an input pin. When “1” is written to that bit, that pin 


becomes an output pin. 


lf data is read from a pin which is set for output, the value of 
the port output latch is read, not the value of the pin itself. 


or output. 


High-Breakdown-Voltage Output Ports 


The M3810x group microprocessors have four ports with 


high-breakdown-voltge pins (ports PO, P1, P29>~P23, and P3). 
The high-breakdown-voltage ports have P-channel open 
drain output with a breakdown voltage of Voc —40V. Each pin 
has an internal pull-down resistor connected to Veg. At reset, 
the P-channel output transistor of each port latch is turned off, 


so it.is forced to the level of Veg by the pull-down resistor. 


Writing “1” to bit 0 of the high-breakdown-voltage port control 
register (address 0038,,) slows the transition of the output 


transistors to reduce transient noise. At reset, bit O of the 


Pins set to input are floating. If a pin set to input is written to, 
only the port output latch is written to and the pin remains 


floating. 


PO -P07 Port PO 










P2,-P27 
P39-P37 


P4,/INT 
P4,/INT;, 
| P45/INTs 
P45, P44 Port P4 
P4,/CNTR 
P4,_ 
|_P47/Tour | 


PSo/Sin1 ’ 
P54/Sourt; 
P52/Scux1; 
P53/Srpyi 
P54/Sina, 
P55/Sourz, 
PS6/Scrxa, 
P57/Srpy2 


P6,/PWM 


P6,-P6s 





Port P3 

























Port P5 









Port P6 





Output 





P19-P17 Port P1 Output 
input/output, TTL level input 
individual bits CMOS 3-state output 


Input/output, 
individual bits 




















Input/output, 
individual bits 












Input/output, 
individual bits 





P6,_/AN 





High-breakdown-voltage P- 
channel open-drain output 
with pull-down resistor 




















High-breakdown-voltage P- 
channel open-drain output 
with pull-down resistor 
High-breakdown-voltage P- 
channel open-drain output 
with pull-down resistor 


High-breakdown-voltage P- 
channel open-drain output 
with pull-down resistor 


CMOS level input 





CMOS level input 
CMOS 3-state output 






















CMOS level input 
N-channel open-drain 
output 





CMOS level input 
CMOS 3-state output 





Input/Output 1/O Format Related SFRs 


External interrupt 
input 


eae aaa | ieee eietite ey eC 
Event counter input 


Timer 3 output 


Serial 1/01 function I/O 


Serial 1/O2 function I/O 


14-bit PWM output 





Comparator input 
a a Om ma 


Note Make sure that the input level at each pin is either OV or Vcc during execution of the STP instruction. 
If an input level is at an intermediate potential, a current will flow in the input-stage gate 


high-breakdown-voltage port control register is set to “0” 
(strong drive). 






High-breakdown-voltage 
port contro! register 











High-breakdown-voltage _ 
port control register 











High-breakdown-voltage 
port control register 










High-breakdown-voltage 
port control register 

















Interrupt edge selection 
register 


Timer 34 mode register 












Serial 1/01 control register 


Serial 1/O2 control register 













PWM control register 
PWML register 
PWMH register 








Comparator register 








2—84 
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(1) Port PO, P1, P29~ P23, P3 


Port latch 


(3) Port P45 


Data bus 
INTo interrupt request 


(5) Port P4, 


Timer 3 output selection bit 


Timer 3 output 


* High-breakdown-voltage P-channel transistor 





Fig. 4 Port block diagram (1) 
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(2) Port P2,4~ P2,, P43, P4,, P4., P6,~ P6s, P6, 


(4) Port P4,, P4., P4, 


Direction 
register 


INT,, INTs, CNTR interrupt request or 
timer 4 external clock input 


(6) Port P50, P5, 
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(7) Port P5;, P52, P55, P5¢ (8) Port P53, P57 


Output-off control signal Sarpy output enable bit 


Serial I/O port selection bit Direction 
register 


Direction 
E register 
>! Port latch ¢ Port latch zg 
ft 
<4 


Sout OF Scik eee 
Srpy output 


Serial clock input 
P52, P5g only 


(9) Port P65 (10) Port P6, 


\ 


PWM output enable bit area 
Direction een 
register 


. Data bus E 

iar © fess 

‘ Pes 

Le : 
4 


PWM output 


Comparator input 





Fig. 5. Port block diagram (2) 
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INTERRUPTS 


A total of 11 sources can generate interrupts: 4 external, 6 in-- 


ternal, and 1 software. 


Interrupt Control 

Each interrupt is controlled by an interrupt request bit, an in- 
terrupt enable bit, and the interrupt disable flag-except for 
the software interrupt set by the BRK instruction. An interrupt 
is generated if the corresponding interrupt request and en- 
able bits are “1” and the interrupt disable flag is “OQ”. 

Interrupt enable bits can be set or cleared by software. 
Interrupt request bits can be cleared by software, but cannot 
be set by software. 

The | flag disables all interrupts except for the BRK instruc- 
tion interrupt. 


Table 1. Interrupt vector addresses and priorities 


Vector address (Note 1) 


Interrupt cause Priority 


Reset (Note 2) 





FFF81¢ 





INT, 3 FFFQ16 





INT> 4 FFF716 FFF6416 


FFF5i¢ FFF416 


Serial 1/01 5 


Serial 1/02 





Timer 1 








Timer 2 


interrupt Operation 

When an interrupt is received, the program counter and pro- 
cessor status register are automatically pushed onto the 
stack. The interrupt disable flag is set to inhibit other inter- 
rupts from interfering. The corresponding interrupt request bit 
is cleared and the interrupt jump destination address is read 
from the vector table into the program counter. 


Notes on Use 

If you will change interrupt edge selection from rising edge to 
falling edge, interrupt request bit will be set to “1” automati- 
cally. Therefore, please make following process; 

(1) Disable INT which is selected. 

(2) Change INT edge selection. 

(3) Clear interrupt request which is selected. 

(4) Enable INT which is selected. 


Interrupt request 

generation conditions 
At reset 
At detection of either rising or 
falling edge of INT» input 
At detection of either rising or 
falling edge of INT; input 
At detection of either rising or 
falling edge of INT2 input 
At end of serial 1I/O1 
transfer 
At end of serial 
transfer 
At timer 1 overflow 
At timer 2 overflow 


Remarks 


Non-maskable 

External interrupt (active edge 
selectable) 

External interrupt (active edge 
selectable) 

External interrupt (active edge 
selectable) 





data F . 
Valid when serial |1/O1 is selected 


1/02 data . ; 
Valid when serial I/O2 is selected 


STP release timer overflow 








Timer 3 








At timer 3 overflow 
At timer 4 overflow 











External interrupt (active edge 
selectable) 


At detection of either rising or 
falling edge of CNTR tnput 








BRK instruction 











Note 1 Vector addresses contain interrupt jump destination addresses 





inter- 


Non-maskable software 
rupt 


At BRK tnstruction execution 


2 Reset function in the same way as an interrupt with the highest priority 
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/ 


Interrupt request bit 


Interrupt enable bit 


Interrupt disable flag(1) 


BRK instruction Interrupt request 
Reset 





Fig.6 Interrupt control 


Interrupt edge selection register 
(INTEDGE : address 003A;,) 


INT active edge select bit 

INT, active edge select bit 

INT, active edge select bit 

Not used (returns “O” when read) 

CNTR active edge select bit 0 : Falling edge active 
Not used (returns “0” when read) 1 : Rising edge active 


Interrupt request register 1 Interrupt request register 2 
(IREQ1 : address 003C 4.) (IREQ2 : address 003Dj,) 


INTo interrupt request bit Timer 4 interrupt request bit 
INT, interrupt request bit CNTR interrupt request bit 
INT. interrupt request bit Not used (returns “0” when read) 
Serial |/O1 interrupt request bit 
Serial |/O2 interrupt request bit 0 : No interrupt request issued 
Timer 1 interrupt request bit 1 : Interrupt request issued 
——— Timer 2 interrupt request bit 
Timer 3 interrupt request bit 


| 0 
Interrupt control register 1 Interrupt control register 2 
(ICON1 : address 003E;6) (ICON2 : address 003F 44) 


INTo interrupt enable bit Timer 4 interrupt enable bit 

INT, interrupt enable bit CNTR interrupt enable bit 

INT» interrupt enabie bit Not used (returns “0” when read) 
Serial 1/01 interrupt enable bit 

Serial [/O2 interrupt enable bit 

Timer 1 interrupt enable bit Not used (returns “0” when read) 
Timer 2 interrupt enable bit (Do not write “1” to this bit) 


Timer 3 interrupt enable bit 0 : Interrupts disabled 


1 : Interrupts enabled 





Fig. 7 Structure of interrupt-related registers 


\ 


| 
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TIMERS 

Microcomputers of the M3810x group have four built-in tim- 
ers. The timers count down. Once a timer reaches 00;.6, the 
next count pulse loads the contents of the corresponding tim- 
er latch into the timer, and sets the corresponding interrupt 
request bit to 1. Each timer also has a stop bit that stops the 
count of that timer when it is set to “1” . 


Note that the system clock ¢can be set to either high-speed 
mode or low-speed mode by the CPU mode register. 


Timer 12 mode register 
(address 0028,.) 


Timer 1 count stop bit 
0 : Operating 
1: Stopped 

Timer 2 count stop bit 
0 : Operating 
1 : Stopped 

Timer 1 count selection bit 
0: (Xin) or f(Xen) divided by 16 
1: £(Xcin) 

Timer 2 count selection bit 
0 : Overflow from timer 1 
1: f(Xcin) 


Fig. 8 Structure of timer-related registers 


ae Se 





Timer 1 and Timer 2 

The count sources of timer 1 and timer 2 can be selected by 
setting the timer 12 mode register. 

When the chip is reset or the STP instruction is executed, all 
bits of the timer 12 mode register are cleared, timer 1 is set 
to FFi., and timer 2 is set to 014.. 


Timer 3 and Timer 4 

The count sources of timer 3 and timer 4 can be selected by 
setting the timer 34 mode register. 

Timer 3 can also output a rectangular waveform from the P4,/ 
Tout pin. The waveform changes polarity each time timer 3 
overflows. 

When timer 4 is assigned to external event count mode, ris- 


ing edge is active. 


Timer 34 mode register 
(address 00294.) 


Timer 3 count stop bit 
0 : Operating 
1: Stopped 
Timer 4 count stop bit 
0 : Operating 
1: Stopped 
Timer 3 count selection bit 
0: (Xin) or f(Xcin) divided by 16 
1: Overflow from timer 2 
Timer 4 count selection bits 
00 : f(Xin) or f(Xoiw) divided by 16 
01 : Overflow from timer 3 
10 © External count input CNTR 
11: Do not use 
Timer 3 output selection bit (P47) 
0 : I/O port 
1: Timer 3 output 
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Data bus 










Timer 1 latch (8) 
Timer 1 count 
o47 selection bit SOF 
“41” 0 
O Timer 1 
Xin __ So 1/16 : y ace qeeaatl BIR 
“Q” “QO” Timer 1 count 


Internal system clock stop bit 
selection bit 


Xeon ©) Za 


RESET 


C | STP instruction 


Timer 1 interrupt request 


Timer 2 latch (8) 


l 


: 12) Timer 2(8) wee 
“q" Timer 2 count —-) 


stop bit 





Timer 2 count 
e selection bit 










Timer 2 interrupt request 


Timer 3 latch (8) 


i P4, latch 
“4 
<i 


*“Q” 


Timer 3 output 
selection bit 






Timer 3 count 
selection bit 


=e py soTimer 3(8) 
Timer 3 count a 
stop bit 


Timer 3 interrupt request 







P4, direction register 


Timer 4 latch (8) 


“00” 4 


“10” Timer 4 count [LN 


stop bit 


Rising/ falling 
edge switch 






Timer 4 count 
“01” selection bit 






Timer 4 interrupt request 


P4s/ CNTR () Zz CNTR interrupt request 


Fig.9 Timer block diagram 
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SERIAL W/O The 1/O pins of the serial |/O function also operate as |/O 
Microcomputers of the M3810x group have two built-in 8-bit port P5, and their operation is selected by the serial |/O con- 
clock synchronized serial 1/O channels (serial 1/01 and serial trol registers (adresses 0019;, and 001Dj,). 

1/02). 


Serial 1/O1 has the same function as serial !/O2. 


Xcin C Data bus 


Internal system clock 


abe 1/4f>0SC1 
1 y selection bit 14) iets Frequency divider 
1/4) 


are O - 1/2 11/4 |1/8 | 1/16 
“Q” P53 latch Synchronization () C) C-) C) SC1, 


clock 
batoctces “Q” selection bit “17 ¢  & SCto 
P53/ Srpy1 ? 


Sr DY1 Gara 0 


“qr Gara e 
Sanu output selection bit 
External cloc 


P5, latch 
“0? X 
P52/S 0 
2/ScLKts O-O—e agn 0 Serial 1/O counter 1 (3) Serial 1/O1 interrupt 


Serial |/O1 port selection bit 
P5, latch 


“Q” 
P53/ Sourt oy od 
Serial 1/01 port selection bit 
Po! Sn O 





1/420 SC2, 


Synchronization 
P57 latch clock 0) O O O SC2, 


“Q” selection bit EUG © ° 4 SC2o 


P57/Srpy2 0 Srpy2 Synchronization - 
“4 is circutt 


Srpy2 Output selection bit 


Frequency divider 


1/2 11/4 | 1/8 |1/16 


External clock 


P5¢ latch 
“O" 
‘ “q" 0 Serial I/O counter 2 (3) Serial 1/O2 interrupt 
Serial |/O2 port selection bit 


P5z latch 


“Q” 
P55/Sourz O-—_0o— 
“4” O 
Serial 1/O2 port selection bit 
PS4/Sinz © Serial 1/O shift register 2 (8) 


PS6/Scix2 O 





Fig. 10 Serial |/O block diagram 
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[Serial /O Control Registers]SIO1CON, SIO2CON 
Each of the serial I/O control registers (addresses 001946 
and 001D,,) contains seven bits that select various control 
parameters of the serial I/O function. 


Serial 1/01 control register(SIO1CON : address 00194.) . 


Internal synchronization clock selection bits 
000 : f(Xin) or f(Xcin) divided by 8 
001 : f(Xin) or f(Xcin) divided by 16 
010 : f(Xi) or f(Xcin) divided by 32 
011: (Xin) or (Xow) divided by 64 
110: f(Xin) or f(Xcin) divided by 128 
1114: f(Xin) or f(Xcin) divided by 256 
Serial 1/01 port selection bit (P5; and P52) 
0: I/O port 
1+ Sours and Seiki signal pins 
Srpy: Output selection bit (P53) 
0: 1/0 port 
1° Sroy: signal pin 
Transfer direction selection bit 
0 : LSB first 
1: MSB first 
Synchronization clock selection bit 
0 : External clock 
1: Internal clock 





Serial 1/02 control register (SIO2CON : address 001Djg) 


Internal synchronization clock selection bits 
000 : f(Xin) or f(Xcw) divided by 8 
001 : f(Xin) or f(Xcin) divided by 16 
010 : f(Xiq) or f(Xcin) divided by 32 
011 : f(Xin) or (Xow) divided by 64 
110 : f(Xi) or f(Xcin) divided by 128 
1112 f(Xiy) or f(Xcin) divided by 256 
Serial |/O2 port selection bit (P5; and P5,) 
0: 1/O port 
1° Soute and Scix2 signal pins 
Srpy2 output selection bit (P57) 
0: 1/0 port 
1° Srpye signal pin 
Transfer direction selection bit 
O : LSB first 
1: MSB first 
Synchronization clock selection bit 
0 : External clock 
1° Internal clock 





Fig. 11 Structure of serial I/O control registers 
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Operation In Serial 1/0 Mode 

Either an internal clock or an external clock can be 
selected as the synchronization clock for serial |/O transfer. 
A dedicated divider is built-in as the internal clock, giving a 
choice of six clocks. 

If internal clock is selected, transfer start is activated by a 
write signal to a serial 1/O register (address 001B,, or 
001F,¢). After eight bits have been transferred, the Sour 
pin goes to high impedance. 


Synchronization 
clock 


Transfer clock 


Serial I/O register 
write signal 


Serial 1/O output 


| 
| 


If external clock is selected, the clock must be controlled 
externally because the contents of the serial I/O register 
continue to shift while the transfer clock is input. In this 
case, note that the Sour pin does not go to high impedance 
at the completion of data transfer. The interrupt request bit 
is set at the end of the transfer of eight bits, regardless of 
whether the internal or external clock is selected. 


| (Note) 


| 
Serial 1/O input 
Sin , 


| | 


Receive enable | 
signal : 


Sarpy 


V 


Interrupt request bit set 


Note. If internal clock is selected, the Sour pints at high impedance 


after transfer ends 


Fig. 12 Serial 1/O timing (for LSB first) 
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PULSE WIDTH MODULATION (PWM) The explanation in the rest di this data sheet assumes Xx 
OUTPUT CIRCUIT = 4MHz. 


Microcomputers in the M3810x group have a PWM function 
with a 14-bit resolution. When the oscillation frequency Xin 
is 4MHz, the minimum resolution bit width is 500ns and the 
cycle period is 8192us. The PWM timing generator sup- 
plies a PWM control signal based on a signal that is half 
the frequency of the Xjy clock. 


Data bus 


ee tot ) > PWML register (address 002D,,) 


) LTT Lt 


write 


PWMH register 
(address 002C;¢) 


P65 latch 


P69/PWM 
14-bit PWM circuit 5 


PWM output 
PWM output Selection bit 


(128 ws period) selection bit 
vin P6, direction 
generat (8192 us period) register 





Fig. 13 PWM block diagram 
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(1) Date Set-up 

The PWM output pin also functions as port P69. Set port P6> 
to be the PWM output pin by setting bit 0 of the PWM 
mode register (address 002B,,). The upper eight bits of 
output data are set in the upper PWM register PWMH 
(address 002C,,) and the lower six bits are set in the lower 
PWM register PWML (address 002D,.). 


(2) Transfer From Register to Latch 

Date written to the PWML register is transferred to the 
PWM latch once in each PWM period (every 8192us), and 
data written to the PWMH register is transferred to the 
PWM latch once in each sub-period (every 128us). When 
the PWML register is read, the contents of the latch are 
read. However, bit 7 of the PWML register indicates 
whether the transfer to the PWM latch is completed; the 
transfer is completed when bit 7 is “O”. 


Table 2. Relationship between lower 6 bits of data and 
period set by the ADD bit 


000000 | None 
000001 | m=32 
000010 | m=16,48 


Sub-periods tm Lengthened (m =0 to 63) 


m=8,24,40,56 

m= 4, 12, 20, 28, 36, 44, 52, 60 

m= 2, 6,10, 14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62 
57, 59, 61,63 


8192 us 


315 us 315 us 31.5 us 


Pulse width modulation register H : 00111111 
Pulse width modulation register L : 000101 
Sub-periods where “H” pulse width is 32 us : 
Sub-periods where “H” pulse width is 315 ws: 


Fig. 14 PWM timing 





(3) PWM Operation 

The timing of the 14-bit PWM function is shown in Fig. 16. 
The 14-bit PWM data is divided into the lower six bits and 
the upper eight bits in the PWM latch. 


The upper eight bits of data determine how long an “H’”- 
level signal is output during each sub-period. There are 64 
sub-periods in each period, and each sub-period is 256 X 
tT (128us) long. The signal is “H” for a length equal to N 
times tT, where Tt is the minimum resolution (500ns). 


The contents of the lower six bits of data enable the leng- 
thening of the high signal by t (500ns). As shown in Fig. 
13, the six bits of PWML determine which sub-cycles are 
lengthened. 

As shown in Fig. 16, the leading edge of the pulse is leng- 
thened. By changing the length of specific sub-periods in- 
stead of simply changing the “H” duration, an accurate 
waveform can be duplicated without the use of complex ex- 
ternal filters. 


For example, if the upper eight bits of the 14-bit data are 
03,5 and the lower six bits are 051.¢, the length of the “H”- 
level output in sub-periods tg, to4, tg2, tao, aNd ts, is 47, and 
its length 37 in all other sub-periods. 


m = 8, 24, 32, 40, 56 
m = all other values 
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PWM mode register (address 002B,;) 


P69/PWM output selection bit 
0 : I/O port 
1 > PWM output 





Fig. 15 Structure of PWM mode register 


Data 6A;, stored at address 002C,, Data 7B, stored at address 002Ci6 
PWMH j 
register, _ 906 7Bre 
Data 24,, stored| at address 002Dj. Bit 7 cleared after transfer Data 35;, stored at address 002D;, 
aes Transfer from register to latch Transfer from register to latch 
PWM latch Yo Aad 1AA4 1EE A 1EF5 
net 1653:¢| \ 1493; 1AA4i6 1A: | - 16 


a When bit 7 of PWML is 0, transfer 
ee from register to latch is disabled 
(64X128us) 


wet 
——— 


t=128us oe eee 


PWM output 


Example 1 6A |6B 6A 6B 6A 6B 6A 6B 6A 6B os 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 
es i 


Lower 6-bit output : 5 5 5 5 oe 5 
H=6A 6, L= 2446 


6Bi¢ ‘36times 6Aig - --28times_..s— 106 64-+36 
(107) (106) 


Example2 6A |6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 
PWM output 


Lower 6-bit output : 
H=6Aij¢, L=18i¢ 


6Big 24times 6Aig - coomes) | = exe 


—_—_—-" os 


=128us 


(256 X0. 5s) 
Minimum bit width} T =05 us 


PWM output 1024 6A i 69 68 67% 
a | 


8-bit | 102401; 00|FFIFEtFDsFCt 


counter 


portions with H period length specified by PWMH 
additional * are 


determined by | 
PWML 256 © (128s), fixed 





Fig. 16 14-bit PWM timing 
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COMPARATOR CIRCUIT 

Comparator Configuration 

The comparator circuit consists of a switch tree, ladder resis- 
tors, a comparator, a comparator control circuit, a comparator 
register (address 0030,,), and an analog signal input pin 
(P6./AN). The analog signal input pin (P6,/AN) also func- 
tions as an ordinary digital port. 


Comparator Register (CMP) 

The comparator register is a 5-bit register of which bits 0 to 3 
can be used to generate internal reference voltages in steps 
of 1/16 Vcc. The result of the comparison between the analog 
input voltage and an internal reference voltage is stored in bit 
4 of the comparator register. 


Comparator Operation 

To activate the comparator, first set port P6, to input mode 
by setting the corresponding direction register (address 
000D,,) to “O”—this ensures that port P6./AN is used as an 
analog voltage input pin. Then write a digital value corres- 
ponding to the internal comparison voltage into bits 0 to 3 
of the comparator register (address 0030,¢). This write op- 
eration immediately activates the comparison. After 14 cy- 
cles of the system clock ¢(the time required for the 
comparison), the comparison result is stored in bit 4 of the 
comparator. 


Data bus 


(Address 000C,,) 


Comparator control circuit 


P6, 
O Analog input voltage 
Comparator 


Internal reference voltage 





Fig. 17 Comparator circuit 


If the analog input voltage is greater than the internal refer- 
ence voltage, bit 4 is “1”; if it is less than the internal refer- 
ence voltage, bit 4 is “0”. To perform another comparison, 
the comparator must be written to again, even if the same 
internal reference voltage is to be used. 


Table 3. Correspondence between bits 0 to 3 of the 
comparator register and internal reference 
voltage 


Comparator register 
; ; ; internal reference voltage 
Bit2 | Bit1 


0 













1 
1 
| 
] 


1 
] 
1 
1 
1 


1 
1 


] 
1 
1 
1 





Comparator result 
output 





Comparator register (CMP) 
(address 0030;,) 





Ladder resistors 


4 
Switch tree 
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RESET CIRCUIT 
After a reset, the microcomputer will start in high-speed 
mode or low-speed mode depending on a _ mask- 
programmable option. 


High-Speed Start Mode 

In high-speed start mode, reset occurs if the RESET pin is 
held at a “L” level for at least 2s then is returned to a “H” 
level (the power supply voltage should be between 4.0V 
and 5.5V). Both the Xi and the Xciy clocks begin oscillat- 
ing. In order to give the X,, clock time to stabilize, internal 
operation does not begin until after 13 X;, clock cycles are 
complete. After the reset is completed, the program starts 
from the address contained in address FFFD,, (upper 
byte) and address FFFC,, (lower byte). 


Low-Speed Start Mode 
In low-speed start mode, reset occurs if the RESET pin is 
held at a “L” level for at least 24s then is returned to a “H” 


Power on 
ya 


Note : Reset release voltages : 
In high-speed operation mode : Vog=4.0V 
In low-speed operation mode : Voc=2 8V 


Power supply voltage 


+ 2-~ detection circuit 


| 
| 
| 
| 
| 


Fig. 18 Power-on reset circuit example 





level (the power supply voltage should be between 2.8V 
and 5.5V). The Xi clock does not begin oscillating. In 
order to give the Xoy time to stabilize, timer 1 and timer 2 
are connected together and 512 cycles of the Xcy/16 are 
counted before internal operation begins. After the reset is 
completed, the program starts from the address contained 
in address FFFD,g, (upper byte) and address FFFCi, 
(lower byte). 

If the Xcin clock is stable, reset will complete after approx- 
imately 250ms (assuming f(Xcin) =32.768kHz). Immediate- 
ly after a power-on, the stability of the clock circuit will de- 
termine the reset timing and will vary according to the 
characteristics of the oscillation circuit used. 


Note on Use 
Make sure that the reset input voltage is no more than 0.8V 


in high-speed start mode, or no more than 0.5V in low- 
speed start mode. 
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Fig. 19 


Port PO register 

Port P1 register 

Port P2 register 

Port P2 direction register 
Port P3 register 

Port P4 register 

Port P4 direction register 
Port P5 register 

Port P5 direction register 
Port P6 register 

Port P6 direction register 
Serial 1/01 control register 
Serial 1/02 control register 
Timer 1 register 

Timer 2 register 

Timer 3 register 

Timer 4 register 

Timer 12 mode register 
Timer 34 mode register 
PWM control register 
Comparator 
High-breakdown-voltage 


port control register 


Address 


(0.00 046)" 


(000 246): 


(000 446): 


(00 0 5i¢6)- 


(0 0 0 6 46): 


(0.0 0 846)- 


(000 946): 


(0 0 OAig):: 


(0 0 0 Big): 


(0 0 0C4_):*: 


(0 0 0Di4¢)::: 


(001 946): 


(0 0 1 Dy): 


(00 2 446): 


(00 2 546) 


(0 0 2 6 4¢)- 


(0 0 2 746): 


(0 0 2 B46): 


(0 0 2 96) 


(0 0 2 Big): 


(0 0 3 O46)" 


(00 3 846) 


Interrupt edge selection register (0 0 3 Ayg)- 


CPU mode register 
Interrupt control register 1 
Interrupt control register 2 
Processor status ‘gic 


Program counter 


(00 3 Bis ad 


(0 0 3Ei6):- 


(0°0 3 Fig): 


(PS) 
(PCy) 


(PC,) 


are determined by a mask option 


xX : Undefined 
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Register contents 








*/1]o}0}olo]o| 


0016 


0016 


IRENE 


Contents of 


address FFFD,.¢ 


Contents of address FFFC,. 


Note : * : The initial values of bits 7 and 6 of the CPU mode register 


The contents of all other registers and RAM are undefined 
after a reset, so programs must set their initial values 


Internal status at reset 
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Time until oscillation starts 


Internal 
reset 


System 
clock 


Address 


Data 





Fig. 20 Reset sequence in high-speed operation mode 
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Di\y 


P : | 
Time necessary for oscillation to stabilize 


Time until oscillation starts 


| XX XX rere XK cro Kao.) 


(Oscillation stopped) 


Xout 
(4MHz) 


Xcout 
(32kHz) 
Time until oscillation starts 


Internal 
reset 


. System 
clock 


Address 


Data 





Time necessary for oscillation to stabilize 
62.5us 


ee 


AD, ¥ AD, 


eeeeener (ae! 


bone 
| 


Fig. 21 Reset sequence in low-speed operation mode 
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CLOCK GENERATION CIRCUIT 

When using an external clock signal, input the clock signal 
to the Xin (Xcin) pin and leave the Xour (Xcour) pin open.|f 
the Xcin clock is not used, connect the Xcoin pin to Vss, and 
leave the Xcour pin open. 

Either high-speed operation start mode or low-speed op- 
eration start mode can be selected by using a mask option. 


(1) High-Speed Operation Start Mode 

After reset has completed, the internal clock ¢is half the 
frequency of Xy. Immediately after power-on, both the Xin 
and Xcin clock start oscillating. To set the internal clock ¢ 
to low-speed mode, set bit 7 of the CPU mode register 
(address 003B,¢) to “1”. 


(2) Low-Speed Operation Start Mode 

After reset has completed, the internal clock ¢is half the 
frequency of Xcin. Immediately after power-on, only the 
Xcin clock starts oscillating. To set the internal clock ¢ to 
normal operation mode, first set bit 6 (CMg.) of the CPU 
mode register (address 003B,,) to “0”, the set bit 7 (CM7) 
to “O” .Note that the program must allow time for oscillation 
to stabilize. 


(3) Oscillation Control 

Stop mode 

If the STP instruction is executed, oscillation stops with the 
internal clock ¢ at an “H” level. Timer 1 is set to “FF 1,” and 
timer 2 is set to “014.,”. 

Either Xjy or Xcin divided by 16 is input to timer 1, and the 
output of timer 1 is connected to timer 2. The timer 1 and 
timer 2 interrupt enable bits must be set to disabled (“0”), 
sO a program must set these bits before executing a STP 
instruction. Oscillation restarts at reset or when an external 
interrupt is received, but the internal clock ¢ is not supplied 
to the CPU until timer 2 overflows. This allows time for the 
clock circuit oscillation to stabilize. 


Wait mode 
If the WIT instruction is executed, the internal clock ¢ stops 
at a “H” level but the oscillator itself does not stop. The in- 


ternal clock restarts if a reset occurs or when an interrupt is. 


received. Since the oscillator does not stop, normal opera- 
tion can be started immediately after the clock is restarted. 


low-speed mode 

If the internal clock is generated from the sub clock (Xo), 
a low power consumption operation can be entered by 
stopping only the main clock Xj. To stop the main clock, 
set bit 6 (CM,) of the CPU mode register (003B,,) to “1”. 
When the main clock Xj is restarted, the program must 
allow enough time to for oscillation to stabilize. 

Note that in low-power-consumption mode the Xcin-Xcour 
drive performance can be reduced, allowing even lower 
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power consumption (20uA with Xow =32kHz). To reduce 
the Xcin-Xcour drive performance, clear bit 5 (CMs) of the 
CPU mode register (003B,,¢) to “0”. At reset or when a STP 
instruction is executed, this bit is set to “1” and strong drive 
is selected to help the oscillation to start. 


Xcin Xcout 


aa Coin a Ccout aa Cin J. Cour 





Fig. 22 Ceramic resonator circuit 


Xcin Xcout Xin 


External oscillator or pulse External oscillator 
Vss Vss 


Fig. 23 External clock input circuit 
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Timer 1 count stop bit 


Timer 2 count stop bit 


C 
Timer 2 
- O—-| 1/2 6 
C ) C) “Q” 
|) > , 


Timer 1 count 
Internal system clock source selection 


source selection bit bit 
CM, (Note) 


Timing ¢ 
(Internal clock) 


car Main clock stop bit CM. 
Internal system clock 


source selection bit CM, 


C | Reset 
STP STP instruction 
instruction Pevucion 


Reset 


i (CF Interrupt disable flag | 


Interrupt request 


Note : The values of CM, and CMg at reset are determined by a mask option 





Fig. 24 System clock generation circuit block diagram 
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Reset High-speed operation 
start mode (Note 4) 





























































WIT STP 
instruction instruction 
Xin Clock oscillating So Xin Clock oscillating See Xin Clock stopped 
Xcin Clock oscillating Xcin Clock oscillating Xcin Clock stopped 
¢ is stopped (“H”) 5 6 =f(Xin)/2 . ¢ 1s stopped (“H”) 
Timer operating Interrupt Interrupt 
(Note 1) 
External INT, CM,=0 External INT, or 
timer interrupt, or SI/O interrupt 
S!/O interrupt 
CM7+1 
WIT STP 
Xin Clock oscillating instruction instruction 
Xcin Clock oscillating = Xin Clock oscillating aos er Xin Clock stopped 
¢ Is stopped (“H”) Xcin Clock oscillating Xcin Clock stopped 
Timer operating i ¢ =1(Xcin) /2 2 ¢ 1s stopped (“H”) 
(Note 3) Interrupt Interrupt 
(Note 1) 
CM,=0 
The program must 
allow time for Xin 
CMe=1 oscillation to stabilize 
WIT STP 
Xin Clock stopped instruction instruction 
Xcin Clock oscillating SSS Xin Clock stopped SS Xin Clock stopped 
¢ 1s stopped (“H”) Xcin clock oscillating Xcin Clock stopped 
bee se ¢ =f(Xoin)/2 ¢ =stopped (“H”) 
ole Interrupt Interrupt 
(Note 2) 


aaa Low-speed operation 
> start mode (Note 4) 


The example assumes that 4 MHz 1s being applied to the Xj pin and 32 kHz to the Xcin pin 


Note 1 When the STP state is ended, a delay of approximately 2ms is automatically generated by timer 1 and timer 2 
2 The delay after the STP state ends Is approximately 0 25s 
3 If the internal clock ¢ divided by 8 1s used as the timer count source, the frequency of the count source 1s f(Xcin)/16 
4 Specify this option when ordering a mask ROM version 


Fig. 25 State transitions of system clock 
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NOTES ON PROGRAMMING 

Processor Status Register 

The contents of the processor status register (PS) after a 
reset are undefined, except for the interrupt disable flag (1) 
which is “1”. Therefore, flags that affect program execution 
must be initialized after a reset.In particular, it is essential 
to initialize the T and D flags because of their effect on cal- 
culations. 


Interrupts 

The contents of the interrupt request bits do not change im- 
mediately after they have been written. 

After writing to an interrupt request register, execute at 
least one instruction before performing a BBC or BBS in- 
struction. 


Decimal Calculations 

To calculate in decimal notation, set the decimal mode flag 
(D) to “1”, then execute a ADC or SBC instruction. Only the 
ADC and SBC instruction yield proper decimal results. After 
executing an ADC or SBC instruction, execute at least one 
instruction before executing a SEC, CLC, or CLD instruc- 
tion. 


In decimal mode, the values of the negative (N), overflow 
(V), and zero (Z) flags are invalid. The carry flag can be 
used to indicate whether a carry or borrow has occurred, 
but must be initialized before each calculation. Clear the 
carry flag before an ADC and set the flag before an SBC. 


Timers 
If a value n (between 0 and 255) is written to a timer latch, 
the frequency division ratio is 1/(n+1). 


Multiplication and Division Instructions 
The MUL and DIV instructions do not affect the T and D 
flags. 

The execution of these instructions does not change the 
contents of the processor status register. 


Ports 

The contents of the port direction registers cannot be read. 
Programs can not use the value of a direction register as an 
index, or bit-test a direction register (BBC or BBS), or per- 
form a read-modify-write instruction such as ROR, CLB, or 
SEB. Use instructions such as LDM and STA to set the port 
direction registers. 


Serial I/O 

When using an external clock, input “H” to the external 
clock input pin and clear the serial I/O interrupt request bit 
before executing a serial I/O transfer. 

When using the internal clock, set the synchronization clock 
to internal clock, then clear the serial |/O interrupt request 


bit before executing a serial |/O transfer. 


Instruction Execution Timing 

The instruction execution time is obtained by multiplying 
the frequency of the internal clock ¢ by the number of cy- 
cles needed to execute an instruction. The number of cy- 
cles required to execute an instruction is shown in the list 
of machine instructions. The frequency of the internal clock 
¢ is half of the Xin Or Xcin frequency. 
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DATA REQUIRED FOR MASK ORDERS 
The following are necessary when ordering a mask ROM 
production: 


(1) Mask ROM Order Confirmation Form 

(2) Mask Specification Form 

(3) Data to be written to ROM, in EPROM form (three iden- 
tical copies) 


If required, specify the following option on the Mask Con- 
firmation Form: 


* Operation start mode switching option 


ROM Writing Method 

The built-in PROM of the blank one-time programmable 
version and built-in EPROM version can be read from and 
written to with an normal EPROM writer using a special 
write adapter. 











The PROM of the blank one-time programmable version is 
not tested or screened after assembly. To ensure proper 
operation after writing, the procedure shown in Figure 26 is 
recommended to verify programming. 


Writing with PROM writer 


Screening (Note) 
(150°C for 40 hours) 


Verification with 
PROM writer 


Functional check in target device 


Note : The screening temperature is far higher than 
the storage temperature Do not leave the 
microcomputer at 150°C for longer than 100 hours 





Fig. 26 Writing and testing of one-time programmable 
version 





are SR 
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ABSOLUTE MAXIMUM RATINGS 









Symbol 





Voc Supply voltage 





Pull-down power supply voltage 


| Vv, _| Input voltage P2,-P27, P4;-P47, P5o-P57, P6y-P6; 
Input voltage P4) 


Input voltage RESET, Xin 






















Output voltage P09-P07, P19-P17, P29-P23, P3o-P37 









All voltages measured based on the Vgg pin | 
Output transistors are isolated. 





, 


Ratings 





eels 





—0.3 to 7.0 


Voco—40 to Voc +0. 2 
—0.3 to Voct0. 3 
—0.3 to Voc +0. 3 





—0.3 to Vect0. 3 
—0.3 to Voc +0. 3 sells 























Voc—40 to Voc +0. 3 
le 





—0..3 to Veco +0. 3 











VEE 
Vi 
Vi 
I 
\ Input voltage Xcin 
Vo 
Vo 
Pg Ta = 25C 








om 





1000( Note 1) 














Output voltage P2,-P27, P4,-P47, P59-P57, P6o-P6s, 


Operating temperature 


—10 to 85 











P79-P77, Xout, Xcout 


Power dissipation 
Note 1 600mW in case of the flat package 








Storage temperature 








—- 


—40 to 125 








RECOMMENDED OPERATING CONDITIONS (Vec = 4.0 to5.5V, Tg = —10 to 85C, unless otherwise noted) 


Limits 





Parameter 





= Min | Typ | Max 


4.0 [5:0 | 5.5 
Low-speed operation mode 2.8 5.0 


High-speed operation mode 





Supply voltage 


< 





Supply voltage 0 


Veg Pull-down power supply voltage Veo—38 
Via Analog input voltage 

“H” input voltage P2,-P27 

“H” input voltage P4p 

“H” input voltage P4,-P47, P59-P57, P69-P67 
“H” input voltage RESET 


“H” input voltage Xin, Xcin 





“L” input voltage P2,-P27 
“L” input voltage P4y 











“L” input voltage P4,-P47, P59-P57, P69-P67 
“L” input voltage RESET 











“L” input voltage Xw, Xcin 





avueeuds TE 
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RECOMMENDED OPERATING CONDITIONS (Vcc=4.0 to5.5V, Ta=—10 to 85°C, unless otherwise noted) 
“sy 
Symbol Parameter 


T 
51 “H” total peak output current PQ9-P07, P19-P17, 
on(peak (Note 1)  P2g-P27, P3y-P37 


loy(peak)| “H” total peak output current P41-P47, P69-P67 


3] “L” total peak output current P24-P27, P4,-P4z, 
oe P5p-P57, P6;-P6; 


= lo.(peak)| “L” total peak output current P6o 


5 I “H” total average output current PO 9-P07, P19-P17, 
on(avg) (Note 1) P2o-P27, P39-P37 


= lon(avg) | “H” total average output current P4,-P47, P6o-P67 


5 “L” total average output current P2,-P27, P4,-P4z, 
oL(avg) P5o-P57, P6,-P67 


=loi(avg) | “L” total average output current P6p 


' “H” peak output current PQ o-P07, P19-P17, P29-P23, 
on(peak) P39-P3; (Note 2) 


“H” peak output current P2,-P27, P4,-P47, P69-P67 
“L” peak output current P2,-P27, P6;-P67 
“L” peak output current P4,-P47, P59-P57 


“H” average output current PO9-P07, P19-P17, 

(Note 3) P29-P23, P39-P37 

} ontove? “H” average output current P24-P27, P4,-P47, 
lon(avg) P6,-P6, 


“L” average output current P2,-P27, P6,-P67 
“L” average output current P6 


f(Xcin) | Sub clock input oscillation frequency (Note 4, 5) 32. 768 5 


Note 1. The total output current is the sum of all the currents flowing through all the applicable ports The 
total average current is an average value measured over 100ns The total peak current is the peak 
value of all the currents. 

The peak output current is the peak current flowing in each port 

The average output current in an average value measured over 100ms 

When the oscillation frequency has a duty cycle of 50%. 

When using the microcomputer in low-speed mode, make sure that the sub clock’s input frequency 
f(Xcin) is less than f(Xin)/3 
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ELECTRICAL CHARACTERISTICS (Vcc = 4.0 to 5.5V, Ta = —10 to 85, unless otherwise noted) 


Limits 
Typ. 


Symbol Parameter Test conditions Unit 


<= 
Q 
} 
| 

es 

oO 
















Visi: “H” output voltage PO9-PO7, P1o-P17, P2o-P23, P3p-P3, | lon=—18MA, Voc=4.5 to 5. 5V hs es 
Von “H” output voltage P2s-P27, P4,-P47, P6g-P67 lox=—10MA, Voo=4.5 to 5. 5V Voc—2.0 pe 
Vor “L” output voltage P2,-P27, P4,-P47, P59-P57, P6;-P67 an ees 
Vr++—V7— | Hysteresis INTo-INTo, Sint, Sine; CLK1, CLK2, CNTR When using a non-port function | 0.4 | 
V;74—V;— | Hysteresis RESET, Xin RESET : Vcc=2. 8V to 5.5V 





o;}o 


oO c 
aS 


© 
|| | 
oy ot ny ¢ 
oa; © © 
> 


ong 


Vr+—Vry— | Hysteresis Xcin 

“H” input current P24-P27, P4,-P47, P59-P57, P69-P67 
“H” input current P4o 

“H” input current RESET, Xcin 








| 
: boda odd Reed. : 
D1o/o 
R 





“H” input current Xin Vi=Vec lt 
L “L” input current P2,-P27, P4,-P47, P59-P57,-P69-P67 Vi=Vss 5.0 A 
“L” input current P4 oa Vi=Vss 5.0 
lie “L” input current RESET, Xcin Vi=Vsgs 
“L” input current Xix Vi=Vss A 





Vee=Vcc—36V, Vo=Vec. 
lLoaD Output load current PO -P07, P1o-P17, P29-P23, P39-P37 : 150 0 
With output transistors off 


Output leakage current PQ 9-POQ7, P19-P17, P29-P23, Vee=Vec—38V, Vo=Vec—38V, 













ey Ses is RR 




















Leak P39-P37 With output transistors off (Except for reset aa 
Vram RAM hold voltage When clock ts stopped _ Vv 
In high-speed operation mode 
(Xin) =4MHz 
f(Xcin) =32kHz 5 10 mA 
Output transistors off 
Comparator operating 
In high-speed operation mode 
f(Xiy) =4MHz (in WIT state) 
f(Xcin) =32kHz 1 mA 
Output transistors off 
Comparator stopped 
In low-speed operation mode 
f(Xin) = stopped f(Xcin) =32kHz 
loc Power euppyccurent Low-power dissipation mode set 60 200 LA 
(CMs=0) 


Output transistors off 





In low-speed operation mode 










f(Xiy) = stopped 
f(Xcin) =32kHz (in WIT state) 
Low-power dissipation mode set 


(CMs=0) 
Output transistors off 
Tanase ot | 10 | 
uA 
— re 


20 40 uA 





All oscillation stopped 
(in STP state) 
Output transistors off 
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COMPARATOR CHARACTERISTICS 


(Voc=4. 0 to 5.5V, Vss=0V, Ta=—10 to 85°C, high-speed operation mode, unless otherwise noted) 


Symbol Parameter Test conditions 
_ Resolution 


| = | Absolute accuracy 











Symbol Parameter Test conditions 


tw(RESET) Reset input “L” pulse width 





toon) Main clock input cycle time (Xx input) 


Main clock input “H” pulse width 


Main clock input “L” pulse width 











tWH (xin) 











te(xcin) Sub clock input cycle time (Xin) 











twoxcin) Sub’ clock input pulse width (Xcin) 








te(cntrR) CNTR input cycle time 


CNTR input “H” pulse width 
CNTR input “L” pulse width 


tWHUNT) INTo~INT> input “H” pulse width 




















tWLCUNT) INTo~INT> input “L” pulse width 














te(soik) Serial clock input cycle time 





Serial clock input “H” pulse width 


Serial clock input “L” pulse width 
Serial clock input clock rise time 


Serial input hold time 
Serial input setup time 
SWITCHING CHARACTERISTICS (Vec = 4.0 to5.5V, Vss = OV, Ta = —10 to 85°C, unless otherwise noted) 



































Test conditions 















Min 
Serial clock output “H” pulse width C_L=100pF, RL=1kQ {n= 
Serial clock output “L” pulse width C.=100pF, RLE=1k tp /2—-160 
















td(scix-Sout) | Serial clock delay time 
Serial clock hold time 
tFOscoLk) 


Serial clock output fall time C.=100pF, RL=1k0 


P-channel high-breakdown voltage output rise time 
CL=1 OOpF, Vee=Voec—36V 


(Note 1) 
P-channel high-breakdown voltage output fall time 
Note 1. When bit 0 of the high-breakdown voltage port control register (address 0038,.¢) 1s at “0” 
2. When bit 0 of the high-breakdown voltage port contro! register (address 0038,,) 1s at “1” 

















C.=100pF, Vee=Vec—36V 





(Note 2) 
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PS6/Scike 
P52/Scik1 PO, P1, P29~P23,P3 


Serial clock output port P-channel output port 





Fig. 27 Output switching characteristics measurement circuit 
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TIMING CHART 


CNTR 


tWHUNT) tWe(inT) 
INTo-INT> / 0. BVcc . 0. 2Vec | 


tw(RESET) 


0. 8V 
RESET : . 

















































































Xin 
Xcin 
te(seik) 
tf twi( sci) tr tu scx) 
ps - 
XK KX SOOO oe RRS SKK KX KX 
a SSR RR RRR RE 01.20 PRRRRERKRKXRKKXK 
td(seik-Sour! tv(SeLK—Sour) 
Sout 
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DESCRIPTION 

The M3811x group is made up of 8-bit microcomputers 
based on the MELPS 740 core. 

The M3811x group is designed mainly for VCR timer/func- 
tion control, and include four 8-bit timers, a fluorescent dis- 
play automatic display circuit, a PWM function, and a com- 
parator. 

The various microcomputers in the M3811x group include 
variations of internal memory size and packaging. For de- 
tails, see the section on part numbering. 

For details on availability of microcomputers in the M3811x 
group, see the section on group expansion. 


FEATURES 
@ Basic machine-language instructions -*:*::**ssss sess 71 
@ Instruction execution time: ::*::++streetettrttr etree 0.95us 


(shortest instruction at 4.19MHz oscillation frequency) 
@ Memory size 


ROM ORES ee eee TE Ee 4K to 32K bytes 
RAM ceccccceccccccceec ss eeeeseeneeeeeeeseeeeeennaes 192 to 1024 bytes 
@ Programmable input/output ports «717s ttre 27 
@ High-breakdown-voltage output ports -------- eEpeareentnes 28 


PIN CONFIGURATION (TOP VIEW) 


— P0o/SEGs/DIGo 
— P0,/SEG9/DIG, 


| 
El 


P3,/SEG, — [@ 
P3,/SEG, + [50 


@ Interrupts corrects 14 sources, 12 vectors 
@ Timerserrrrrrrr creer rere erect eee eee e ee eeeeere ee cennes 8-bitx 4 
@: Serial [70-2822 stores ss nsere Clock-synchronized 8-bitX 2 
(Serial |/O1 has an automatic data transfer function) 
e@ PWM output circuit PRT eee RE RTT ee ee 14-bitX 1 
@ Comparator eect eee e eee tent neta eee e eee e ee eeernsesseceseees 4-bitX 1 
@ Fluorescent display function 
Sy 7011-1] 8 to 16 
D)(e || RRRRR Rc 8 to 16 
@ 2 Clock generation circuit 
Clock (Xin-Xour) so Internal feedback amplifier 
Sub clock (Xcin-Xcour) 77°" Internal amplifier without feedback 
@ Supply voltage ::::ccceccccerrseeeseeeeeseseeeseeeees 4.0 to 5.5V 
@ Low power dissipation 
In high-speed operation :::::rsssr reteset eee 25mW 
(at 4.19MHz oscillation frequency) 
In low-speed operation «sss: srr 300uW 
(at 32kHz oscillation frequency ) 
@ Operating temperature range 7s —10 to 85°C 
APPLICATIONS 


VCRs, tuners, musical instruments, office automation, etc. 


4 
5 


ig] P4y/INT 
<> P4,/INT; 


P4,/INTo + [5] 


Package type - 64P6N 
64-pin plastic molded QFP 
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PIN CONFIGURATION (TOP VIEW) 


Voc 64} — P38/SEGo 
—» P3,/SEG, 
—> P3,/SEG> 
—> P3,/SEG3 
—> P3,/SEG, 
—> P3;/SEGs 
—> P3,/SEGe 
— P3,/SEG 
— P0o/SEGs/DIGo 
— P0,/SEG,/DIG, ’ 
— P0,/SEG1o/DIG2 
— P03/SEG,,/DIG; 
— P0,/SEG2/DIG, 
— P0;/SEG,3/DIGs 
— P0,./SEG,4/DIGe 
— P07/SEG,5/DIG, 
—> P1,/DIGs 
— P1,/DiGg 
— P1,/DIGio 
— P1,/DIGi, 
— P1,/DIG2 
— P1,/DIGi3 
— P1,/DIGy4 
— P17/DIGis 
P4,/INT, > — P2,/DIGis 
P4,/INTo > — P2,/DIG,7 
RESET — — P2,/DIGis 
— P2,/DIGig 
+> P2, 
+> P2, 
+> P2, 
+> P2, 


P54/Sin2 
P53/Srovi/CS/Scixi2 > 
P52/Sciki1 
P53/Sourt ** 

P50/Sint 

P4;/Tour > 


c< 
@ 
= 
oak, 
N 
c< 
> 
x 
x 
x 
a) 
~ 


Outline 64P4B 
64-pin shrink plastic molded DIP 
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FUNCTIONAL BLOCK DIAGRAM 


Sub Sub 
Clock Clock clock clock 
input output input output Reset input 
Xin. Xour Xciw Xcour RESET Vee Vss Vee 





Clock generation 
circuit 























EEE 
per) eee 
Lh, ULI 
AXOXEXEXDEXINO- — - ANAM NSLOLND- - — - —(9eIreDeIegeNLO— - —-GIGBEIENENEIEIES 
1/0 port P6 1/0 port P5 I/O port P4 Output port P3 1/O port P2 Output port P1 Output port PO 
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PIN DESCRIPTION 


Vee 









Alternate Function 





Power supply inputs 4 0 to 5.5V to Vcc, and OV to Vsgs. 






Pull-down power 
input 


Applies voltage supplied to pull-down resistors of ports PO, P1, P29-P23 and P3. 








Reset input 


Clock input 
Clock output 


Sub clock input 








To reset the microcomputer, this pin should be kept at an “L” level for more than 2us under high-speed operating con- 
ditions. In low-speed operation start mode, internal reset is not released until the Xciw-Xcour clock has had time to sta- 
bilize 





Input and output signals for the internal clock generation circuit. It consist of internal feedback amplifier Connect a 
ceramic resonator or quartz crystal between the Xjj and Xour pins to set the oscillation frequency If an external clock is 
used, connect the clock source to the Xj, pin and leave the Xour pin open This clock is used as system clock 






























Input and output signals for the internal sub clock generation circuit It consist of internal amplifier without feedback 
Connect a ceramic resonator or quartz crystal and external feedback resistor between the Xcin and Xcour pins If an ex- 
ternal clock is used, connect the clock source to the Xciw pin and leave the Xcour pin open This clock can also be 
used as the system clock. 











Sub clock output 


PO9/SEGs3/ | Output port PO 
DIGo- 

P07/SEG,5/ 

DIG7 

P1,>/DIGg- | Output port P1 
P17/DIGi5 

P2)/DIGi.6- Output port 
P2;/DIGi9 


P2,-P27 1/O port P2 





An 8-bit output port The output structure is high- 
breakdown-voltage P-channel open drain with internal 
pull-down resistors connected between the output and the 
Vee pin Are “L” at reset. 


FLD automatic display pins 





An 8-bit output port with the same function as port PO. FLD automatic display pins 








A 4-bit output port with the same function as port PO FLD automatic display pins 





A 4-bit CMOS 1/0 port An I/O direction register allows each pin to be individually programmed as either input or out- 
put. At reset this port is set to input mode The input levels are TTL compatible 












P39/SEGo- Output port P3 
P3,/SEG, ; 


An 8-bit output port with the same function as port PO FLD automatic display pins 





P4)/INTo Input port P4 A 1-bit CMOS input pin External interrupt input pin 





A 7-bit CMOS I/O port with the same function as port P2,- 
P27, with CMOS compatible input levels 


External interrupt input pins 













P4,/INT,, | 1/O port P4 

P4./INTo 

P43, P44, P4, 
P50/Sina, 1/O port P5 An 8-bit 1/O port with the same function as port P2,-P27 | Serial 1/01 1/O pins 
P5,/Sout1, The output structure of this port 1s N-channel open drain, 
P52/Sciki1; and the input levels are CMOS compatible 


P53/Srpyi/ Keep the input voltage of this port between OV and Vcc. 
CS/Seiki2 


P54/Sina, 
P55/Sourz2, 
P5¢6/Scrka, 
P57/Srpve 


Serial 1/O2 I/O pins 
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PIN DESCRIPTION 


P6,>/PWM | I/O port P6 An 8-bit CMOS I/O port with the same function as port | 14-bit PWM output pins 


P2,-P27, with CMOS compatible input levels. 


P61-P6s, P67 
P6.6/AN Comparator input pin 
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PART NUMBERING 


Product name M3811 0 M X - XXX SP 


Package type 
SP : 64P4B package 
FP : 64P6N package 
SS : 64S1B package 
FS : 64D0 package 


ROM number 
Omitted in some types 


ROM/PROM size 
1: 4096 bytes 
: 8192 bytes 

: 12288 bytes 

: 16384 bytes 

: 20480 bytes 

- 24576 bytes 

: 28672 bytes 

: 32768 bytes 


The first 128 bytes and the last two bytes of ROM are reserved areas; they cannot be used 


Memory type 
M : Mask ROM version 
E : EPROM or one-time programmable version 


RAM size 
. 192 bytes 
: 256 bytes 
* 384 bytes 
512 bytes 
: 640 bytes 
768 bytes 
. 896 bytes 
' 1024 bytes 


SNOOP WH — © 
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GROUP EXPANSION 

Mitsubishi plans to expand the M3817x group as follows: 

(1) Support for mask ROM, one-time programmable, and 
EPROM versions 


(2) ROM/PROM Size crrrtrrrtrreerreee ete reeees 16K to 32K bytes 
RAM size Cena merece nase menrenrerecesesserenesons 384 to 640 bytes 
(3) Packages 
BAPAB icetteseet otis ecepaneas Shrink plastic molded DIP 
64P6N SECT ereTeeeereer rrr ers errr ee ee ei Plastic molded QFP 
GAS TB settee rere Window type shrink ceramic DIP 
80D0 Sr i ae ae errs Window type ceramic LCC 


Memory Expansion Plan 
ROM size (bytes) 
32K 


28K 


24K 


~ 20K 


| 

| 

| 

‘a 

| 

| 

| 
-+ 

| 

| 

| 
ae 


New pro 


| duct 
i} 
—~—-— +— ——+4+ 38112M4/Ea 
| 


192 256 384 
RAM size (bytes) 





The development schedule and other details of products under development may be revised without notice. 


Currently supported products are listed below. As of March 1992 


| Product name _|(P) ROM size (bytes)| RAM size | RAM size (bytes) | ee 


Mask esi ROM version ——___-_--_— version 

64P4B | One-time esi ROM version ——___-_--_— version 

One-time programmable version (blank) 

‘6 



























M381 12M4-XXXFP Mask ROM version 
M38112E4-XXXFP 64P6N | One-time programmable version 


M38112E4FP One-time programmable version (blank) 
M38112E4FS 64D0 EPROM version 
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FUNCTIONAL DESCRIPTION CPU MODE REGISTER 

CENTRAL PROCESSING UNIT (CPU) The CPU mode register is allocated to address 003By.. 

Microcomputers of the M3811x group use the standard Bits 0 and 1 of this register are processor mode bits and 

MELPS 740 instruction set. Refer to the table of MELPS should always be set to “0”. 

740 addressing modes and machine instructions or the The CPU mode register contains the stack page selection 

MELPS 740 Software Manual for details on the instruction bit. 

set. For details of the Xcouyr drivability selection bit, main clock 

Machine-resident MELPS 740 instructions are as follows: stop bit, and internal system clock selection bit, see the 
The FST and SLW instructions are not available for use. section on the clock generation circuit. 


The STP, WIT, MUL, and DIV instructions can be used. 


CPU mode register (CPUM : address 003B,¢) 


Processor mode bits 
b1b0 
0 0 : Single-chip mode 
01 : Donot use 
1 0 : Do not use 
1 1 : Do not use 
Stack page selection bit 
0 : RAM in the zero page !s used as stack area 
1 : RAM in page | ts used as stack area 
Xcour Orivability selection bit 
0 : Low drive 
1 : High drive 
Main clock (Xin-Xour) stop bit 
0 : Operating 
1 ° Stopped 
Internal system clock selection bit 
0 : Xiw-Xour selected (high-speed operation mode) 
1 : Xcw-Xcour selected (low-speed operation mode) 





Fig. 1 Structure of CPU mode register 
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MEMORY * Zero Page 
¢ Special Function Register (SFR) Area The 256 bytes from addresses 0000;, to OOFFi, are cal- 
The Special Function Register area contains registers led the zero page area. The internal RAM and the spe- 
which control functions such as I/O ports and timers, and cial function registers (SFR) are allocated to this area. 
is located in the zero page area. The zero page addressing mode can be used to specify 
* RAM memory and register addresses in the zero page area. 
RAM is used for data storage as well for stack area. This dedicated zero page addressing mode enables ac- 
* ROM cess to this area with only 2 bytes. 
The first 128 bytes and the last two bytes of ROM are re- ¢ Special Page 
served for device testing and the rest is user area for The 256 bytes from addresses FF00;, to FFFFig¢ are cal- 
storing programs. led the special page area. The special page addressing 
¢ Interrupt Vector Area mode can be used to specify memory addresses in the 
The interrupt vector area contains reset and interrupt special page area. This dedicated special page addres- 
vectors. sing mode enables access to this area with only 2 bytes. 


RAM capacit 
x ¥ Address XXXXi6 FLD automatic display RAM area 
(bytes) 
OOF Fi ae 


256 
768 
Reserved area 


ROM area 


ROM capacit 
ee Address YYYYi¢ | Address ZZZZi¢ Not used 
(bytes) 


Reserved ROM area 
(common ROM area, 128 bytes) 
24676 


28672 900016 90801. 


32768 800016. «|. ~Ss« BOB 














Special 
Interrupt vector area page 


Reserved ROM area 





Fig. 2 Memory map diagram 
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Port PO (PO) 


Port P1 (P1) 


Port P2 (P2) 
Port P2 direction register (P2D) 
Port P3 (P3) 


Port P4 (P4) 
Port P4 direction register (P4D) 
Port P5 (P5) 
Port P5 direction register (P5D) 
Port P6 (P6) 
Port P6 direction register (P6D) 


Port PO segment/digit switching register (POSDR) 


Port P2 digit/port switching register (P2DPR) 
Key-scan blanking register (KSCN) 
FLDC mode register (FLDM) 

FLD data pointer (FLDDP) 

Serial 1/O automatic transfer data pointer (SIODP) 
Serial 1/01 control register (SIO1CON) 
Serial |/O automatic transfer control register (SIOAC) 
Serial 1/01 register (S101) 

Serial 1/O automatic transfer interval register (SIOAI) 
Serial 1/02 control register (SIO2CON) 


Serial 1/O2 register (SIO2) 








Timer 1 (T1) 
Timer 2 (T2) 
Timer 3 (T3) 
Timer 4 (T4) 
Timer 12 mode register (T12M) 
Timer 34 mode register (T34M) 


PWM control register (PWMCON) 
PWM register (upper) (PWMH) 
PWM register (lower) (PWML) 


‘ 


Comparator register (CMP) 


High-breakdown-voltage port control register (HVPC) 


Interrupt edge selection register (INTEDGE) 
CPU mode register (CUPM) 

interrupt request register 1 (IREQ1) 
Interrupt request register 2 (IREQ2) 
Interrupt control register 1 (ICON1) 
interrupt control register 2 (ICON2) 





Fig. 3 Memory map of special function register (SFR) 


/O PORTS 


e Direction Registers 


¢ High-Breakdown-Voltage Output Ports 
The M3811x group microprocessors have four ports with 


The M3811x group microprocessors have 27 programm- 
able 1/O pins arranged in four I/O ports (ports P2,-P2,, 
P4,-P4,, P5 and P6). The I/O ports have direction regis- 
ters which determine the input/output direction of each 
individual pin. Each bit in a direction register corres- 
ponds to one pin, each pin can be set to be input or 
output. 

When “0” is written to the bit corresponding to a pin, that 
pin becomes an input pin. When “1” is written to that bit, 
that pin becomes an output pin. 

if data is read from a pin which is set for output, the value 
of the port output latch is read, not the value of the pin it- 
self. Pins set to input are floating. If a pin set to input is 
written to, only the port output latch is written to and the 
pin remains floating. 





high-breakdown-voltage pins(ports PO, P1, P29-P23, P3). 
The high-breakdown-voltage ports have P-channel open 
drain output with a breakdown voltage of Vcc—40V. Each 
pin in Ports PO, P1, P29-P23 and P3 has an internal pull- 
down resistor connected to Veg. At reset, the P-channel 
output transistor of each port latch is turned off, so it is 
forced to the level of Vege by the pull-down resistor. 
Writing “1” to bit O of the high-breakdown-voltage port 
control register(address 0038,,¢)slows the transition of the 
output transistors to reduce transient noise. At reset, bit 0 
of the high-breakdown-voltage port control register is set 
to “0” (strong drive). 
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P0O./SEG<2/ 
DIGo- 
PO7/SEGi5/ 
DIG7 


















Port PO 








P1,/DIGs- 
Port P1 
P17/DIGi5 
P2,./DIGi6- 
P2,/DIG 
: oe Port P2 
P2,-P2, 

SS 
P30/SEGo- Port P3 
P37/SEG7 
P4)./INTo 
P4,/INT4, 

P4,/INT> Port P4 
P43, P44, P4g 


P4;./CNTR 
P47/Tout 


PSo/Sin1; 
P51/Sout1; 
PS2/Sexik1; 
P53/Srpyi/ 
CS/Serk12 
P54/Sina, 
P5s/Souta, 
PS6/Scxika; 
P57/Srpy2 



















P6/PWM 


P6,-P65, P67 


P6.6/AN 








Port P5 






Port P6 








Output 


Output 


Output 


Input/output, 
individual bits 


Output 


Input 


Input/output, 
individual bits 


input/output, 
individual bits 


Input/output, 
individual bits 


High-breakdown- 
voltage P-channel 
open-drain output 
with pull-down 

resistor 





High-breakdown- 






voltage P-channel 
open-drain output 
with pull-down 
resistor 





High-breakdown- 
voltage P-channel 
open-drain output 
with pull-down 
resistor 


TTL level input 
CMOS 3-state output 
High-breakdown- 
voltage P-channel 





open-drain output 
with pull-down 
resistor 





; Diagram 
Pin Name Input/Output 1/O Format Non-Port Function Related SFRs N 
O. 


FLD automatic 
display function 


FLD automatic 
display function 


FLD automatic 
display function 


FLD automatic 
display function 


External interrupt 
CMOS level input 
input 


External interrupt 
input 


CMOS level input 


( 
ie a Caen an Cee eee arenS 
. Event count input Timer 34 mode register 
Timer 3 output Timer 34 mode register 





CMOS level tnput 
N-channel 
open-drain output 








CMOS level input 
CMOS 3-state output 


| 








Serial 1/01 function 


I/O 


Serial |[/O2 function 


I/O 













14-bit PWM output 


Note. Make sure that the input level at each pin is either OV or Voc during execution of the STP instruction 
If an input level is at an intermediate potential, a current will flow in the input-stage gate 






















FLDC mode register 
Segment/digit 
switching register 
High-breakdown- 
voltage port control 


——}——— 


FLDC mode register 
High-breakdown- 
















register 











voltage port control 
register 


FLDC mode register 





Digit/port switching 
register 
High-breakdown- 
voltage port control 
register 


FLDC mode register 
High-breakdown- 

voltage port control (5) 
register 





Interrupt edge 
selection register 
Interrupt edge 
selection register 





(6 
7 






Serial |/O1 control 


) 
) 
) 
) 
) 
10) 
11) 
) 
) 
) 
) 













register 
Serial 1/O automatic 
transfer control 










( 
register 
1 
2 


(4 





Serial 1/O2 control 








register 






PWM mode register 
PWML register 
PWMH register 





Comparator input Comparator register (13) 
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(1) Port PO (2) Port P1 


Shift signal from previous stage 







Blanking 
register 





Sef Port latch 
ara 


Shift signal to next stage Veg 


“e 4 Data bus 


Data bus 





Local data 
bus 








Shift signal to next stage Vee 





(3) Port P2,5-P23 


Shift signal from previous stage 


ig D/P switching register 
< 


Dimmer signal —>9 p 


(4) Port P2,-P2,, P43, P4,, P4e, P6,-P6s, P67 


z 
Q 
2 


Direction 
register 


Port latch 


Data bus 







a Data bus 
Blanking 


register 


Shift signal to next stage Vee 


(5) Port P3 (6) Port P4o 



















Local data 
bus | aif Data bus 
Data bus = 
INT interrupt 
request 
Vee 
(7) Port P4,, P4., P45 (8) Port P4, 
Direction Timer 3 output selection bit 
register 
4 Direction 
register 
Data bus Port latch 





Data bus 










Port latch > 
ae ieewaed * 
4 
: (ames 
INT,, INT, interrupt request 4 
CNTR or timer 4 <<“ i 
external clock input Timer 3 output selection bit >, 


* ° High-breakdown-voltage P-channel transistor 


Note. The dimmer signal sets the Toff timing 


Fig. 4 Port block diagram (1) 
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(9) Port P59, P54 | 10) Port P5,, P52, P5s, P5e 


Output-off control signal 
Serial 1/O port selection bit 





Data bus 





Serial clock input 


(11) Port P53, P57 P5>, P5¢ only 
Srpy output selection bit 







PWM output enable bit 


Data bus 


Data bus 


eet tiie tire Ei Eee 





PWM output 


P53 only 


(13) Port P6, 


Direction 
register 
\/ 
Port latch ol 
ot 
4 


Data bus 






Comparator input 


Fig. 5 Port block diagram (2) 
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INTERRUPTS * Interrupt Operation 
A total of 14 source can generate interrupts: 4 external, 9 When an interrupt is received, the program counter and 
internal, and 1 software. processor status register are automatically pushed onto 
¢ Interrupt Control the stack. The interrupt disable flag is set to inhibit other 
Each interrupt is controlled by its interrupt request bit, its interrupts from interfering. The corresponding interrupt 
interrupt enable bit, and the interrupt disable flag except request bit is cleared and the interrupt jump destination 
for the software interrupt set by the BRK instruction. An address is read from the vector table into the program 
interrupt is generated if the corresponding interrupt re- counter. 
quest and enable bits are “1” and the interrupt disable * Notes on Use 
flag is “O”. If you will change interrupt edge selection from rising 
Interrupt enable bits can be set or cleared by software. edge to falling edge, interrupt request bit will be set to 
Interrupt request bits can be cleared by software, but “1” automatically. Therefore, please make following pro- 
cannot be set by software. cess; 
The | flag disables all interrupts except for the BRK in- (1) Disable INT which is selected. 


(2) Change INT edge selection. 
(3) Clear interrupt request which is selected. 
(4) Enable INT which is selected. 


struction interrupt. 


Table 1. Interrupt vector addresses and priorities 


oeere Vector Address (Note 1) Interrupt Request 
Interrupt Cause Priority ; ; Remarks 
Low Generation Conditions 


Reset (Note 2) | 1 | FFFD ic FFFCi6 Non-maskable 
INT 2 cFFA At detection of either rising or | External interrupt (active edge 
as 1€ falling edge of INT input selectable) 
At detection of either rising or | External interrupt (active edge 
memes Leni falling edge of INT, input selectable) 
At detection of either rising or | External interrupt (active edge 
FFF /16 FPF Ci6 falling edge of INT» input selectable) 


; Valid when serial 1/O normal 
Serial 1/01 At end of data transfer ! 
—— onea mode is selected 
Serial 1/O automa- we ae Valid when serial 1/O automa- 
: At end of final data transfer : ; 
tic transfer tic transfer mode is selected 


[serial vo2—~+| 6 | -FFFGe —+(| ~FFF2, | Atendofdatatanster | SSS 
FO. [Attmert wverlow —+([|—SsSC—S~S~S 
FEC 


ee, DOlessd 
| 0 
At detection of either rising or | External interrupt (active edge 

PRESis falling edge of CNTR nue selectable) ° : 

: Valid when FLD blanking inter- 
FLD blanking 
errr rrr ere errr ee ee ee eer ee eee 12 FFE5i6 FFE4i¢ 
FLD digit 


At bi of final digit ruptis selected 
is selected 
BRK instruction FFDDie FFDCi4., At BRK instruction execution Non-maskable software interrupt 
Note 1. Vector addresses contain interrupt jump destination addresses. 


Valid when FLD digit interrupt 
2. Reset function in the same way as an interrupt with the highest priority. 


































































At rise of each digit 
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interrupt request bit 


Interrupt enable bit 


Interrupt disable flag(1) 


BRK Instruction Interrupt request 
Reset 





Fig. 6 Interrupt control 


Interrupt edge selection register 
(INTEDGE : address 003A.) 


INTy active edge select bit 
INT, active edge select bit 
INT. active edge select bit 
Not used (returns “0” when read) 


: Falling edge active 
: Rising edge active 


CNTR active edge select bit 
Not used (returns “0” when read) 


ST Interrupt request register 1 : Interrupt request register 2 
(IREQ1 : address 003C;¢) (IREQ2 : address 003D,.) 
INTo interrupt request bit Timer 4 interrupt request bit 
INT, interrupt request bit CNTR interrupt request bit 
INT. interrupt request bit Not used (returns “0” when read) 
FLD blanking interrupt request bit, or 
FLD digit interrupt request bit 
Not used (returns “0” when read) 


0 : No interrupt request issued 
Serial |/O2 interrupt request bit 1: Interrupt request issued 
Timer 1 interrupt request bit 
Timer 2 interrupt request bit 
Timer 3 interrupt request bit 


Serial 1/01 interrupt request bit, or 
Serial |/O automatic transfer 
interrupt request bit 


ao Interrupt control register 1 : Interrupt control register 2 
(ICON1 : address 003E;¢) (ICON2 : address 003F ;¢) 
INT) interrupt enable bit Timer 4 interrupt enable bit 
INT, interrupt enable bit CNTR interrupt enable bit 
——— INT> interrupt enable bit Not used (returns “0” when reed) 
FLD blanking interrupt enable bit, or 
FLD digit interrupt enable bit 
Not used (returns “0” when read) 


Serial 1/O1 interrupt enable bit, or 
serial 1/O automatic transfer 
interrupt enable bit 


Serial |/O2 interrupt enable bit 
Timer | interrupt enable bit 
Timer 2 interrupt enable bit 
Timer 3 interrupt enable bit Not used (returns “0” when read) 
(do not write “1” to this bit) 
0 : Interrupts disabled 
1 : Interrupts enabled 





Fig. 7 Structure of interrupt-related registers 
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TIMERS 
Microcomputers of the M3811x group have four built-in tim- 
ers. The timers count down. Once a timer reaches 006, the 
next count pulse loads the contents of the corresponding 
timer latch into the timer, and sets the corresponding inter- 
rupt request bit to 1. Each timer also has a stop bit that 
stops the count of that timer when it is set to “1”. 
Note that the system clock ¢can be set to either high- 
speed mode or low-speed mode by the CPU mode reg- 
ister. 
* Timer 1 and Timer 2 
The count sources of timer 1 and timer 2 can be selected 
by setting the timer 12 mode register. 
When the chip is reset or the STP instruction is executed, 
all bits of the timer 12 mode register are cleared, timer 1 
is set to FFy., and timer 2 is set to 0146. 


* Timer 3 and Timer 4 
The count sources of timer 3 and timer 4 can be selected 
by setting the timer 34 mode register. 
Timer 3 can also output a rectangular waveform from the 
P47/Toyr pin. The waveform changes polarity each time 
timer 3 overflows. 
When Timer 4 is assigned to external event count mode, 
rising edge is active. 





Timer 12 mode register 
(T12M > address 00281.) 


Timer 1 count stop bit 
0 : Operating 
1 : Stopped 
Timer 2 count stop bit 
0 : Operating 
1 : Stopped 
Timer 1 count source selection bit 
0 : (Xin) or f(Xcin) divided by 16 
Timer 2 count source selection bit 
0 : Overflow from timer 1 
1: f(Xein) 


d 0 
TTT TT LT] Timer 34 mode register 


(T34M : address 0029.) 


Timer 3 count stop bit 
0 : Operating 
1 : Stopped 
Timer 4 count stop bit 
0 : Operating 
1: Stopped 
Timer 3 count source selection bit 
0 : (Xin) or f(Xcow) divided by 16 
1 : Overflow from timer 2 
Timer 4 count source selection bits 
bd b4 
0 0 : f(Xiw) or f(Xcin) divided by 16 
01 : Overflow from timer 3 
1 0 : External count input CNTR 
1 1 ° Do not use 
Timer 3 output selection bit (P47) 
0 :1/O port 
1° Timer 3 output 


Fig. 8 Structure of timer-related registers 
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Data bus 






Keine Za Timer 1 latch (8) 


Timer 1 count 
“4” selection bit 


PL teen} 
RS ae? 


Ci RESET 
STP instruction 


1 Timer 1 interrupt request 


Internal system clock 
selection bit 









“0” Timer 1 count 
stop bit 





Timer 2 latch (8) 


Timer 2 count 
‘i selection bit 


[ner 2i8) 


pa Timer 2 count 
stop bit 















Timer 2 interrupt request 









Timer 3 latch (8) 





Timer 3 count 
selection bit 


Timer 3 interrupt request 


| P4, latch 
c | 


Timer 3 output 
selection bit 72 | 
1/2 


P4, direction register 





Timer 3 count 
stop bit 











Timer 4 count 
“01” selection bit 


O > Timer 4 interrupt request 
“QO” mn ) 
“10” Timer 4 count 
/ stop bit 


CNTR interrupt request 


Rising/ falling 
P4s/ CNTR O Zz edge switch 


Fig.9 Timer block diagram 
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SERIAL 1/0 
Microcomputers of the M3811x group 


clock synchronized serial |/O channels (serial 1/01 and se- 


rial 1/O2). 


Serial |/O2 can only be used in normal operation mode. 
The I/O pins of the serial I/O function also operate as |/O 
port PS, and their operation is selected by the serial 1/O 
control registers (addresses 0019;, and 001Dj.). 


have two built-in 8-bit 


Serial 1/01 has a built-in automatic transfer function.Normal 
serial operation can be set via the serial 1/O automatic 
transfer control register (address 001Aj4.). 


Main Local 
address bus address bus 


SI/O automatic bus 
transfer RAM 
(010046 to 011 Fig 


S|/O automatic 
transfer data 
pointer 


SI/O automatic 
transfer 
controller 










Address decoder K 






Main data Local data 


Serial |/O automatic 
transfer interrupt request 























































Xcin O Internal SI/O automatic transfer 
system clock interval register 
1 ¥ selection bit 1/4 >o SGl2 
=: 
O 
“ny P5. latch ynchronization 
: : clock selection 0 XO SCI; 
—— bit 0 SC1o 
PS3/Sr DY! ( : a ) O Srpvi Synchronization 
CS Sciki12 
P5. latch 
“9” r 
PS2/Sciki1 OW“*Y 4 O Serial 1/01 
Serial 1/O1 port selection bit interrupt request 
4 “O" o< PS, latch 
P5,/Sourt 5 
“q wv 
Serial 1/01 port selection bit ae ae 
P5o/Sin1 O Serial I/O shift register 1(8) 
{ 
© SG2e Frequency divider 
O 
P5, latch Synchronization [1/2 [1/4 |1/8! [1/16 
oo clock selection © O O O SC2, 
4 S bit “1° 0 O O 60 SC2, 
P57/Srpove ” RDY2 Synchronizatiol 0 
soto “4 - circul 0 
Sroy2 output selection bit “9” 
P5,./S "0" P5¢ latch = 
ae «470 >{Serial 1/O counter 2(3) tes .; 
Serial 1/02 port selection bit errupt reques 
“Q” 
P5s/Soure P5. latch 
11/02 
Sse: oe Serial I/O shift register 2(8) 





Note. Selection 1s by the synchronization clock selection bit, the Sapy: output selection bit, and the serial 1/01 port selection bit of the serial 1/01 
control register, and the automatic transfer contro! bit and synchronization clock output pin selection bit of the serial 1/O automatic transfer 


control register 


Fig. 10 Serial 1/O block diagram 
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(Serial I/O Control Registers) SIO1CON, SIO2CON 
Each of the serial 1/O control registers (addresses 00194, 
and 001D,,) contains seven bits that select various control 
parameters of the serial |/O function. 





7 0 
Serial 1/O1 control register (SIO1CON(SC1) : address 001946) 

Internal synchronization clock selection bits 
b2 b1 b0 
000 : f(Xiw) or f(Xciw) divided by 8 
001 : f(Xiw) or f(Xcin) divided by 16 
010 : f(Xin) or f(Xcin) divided by 32 
011 2 £(Xiw) or f(Xciw) divided by 64 
110 : (Xin) or f(Xcin) divided by 128 
111 2 f(Xiw) or f(Xcin) divided by 256 

Serial 1/O1 port selection bit (P5,, P52, and P5,*) 
0 : 1/0 port 
1} Sourt, Souki1, and Serki2” signal pins 

Sarpy: output selection bit (P53) 
0 : 1/0 port 
1 : Sppy;/CS* signal pin 

Transfer direction selection bit 
0 : LSB first 
1 : MSB first 

Synchronization clock selection bit 
0 : External clock 
1 : Internal clock 

7 0 


Serial |/O2 control register (SIO2ZCON(SC2) : address 001D4¢) 


Internal synchronization clock selection bits 

b2 bl b0 

000 :f(Xin) or f(Xcin) divided by 8 
001 : f(Xiw) or f(Xcin) divided by 16 
010 ! (Xin) or f(Xcin) divided by 32 
011 : (Xi) or f(Xcin) divided by 64 
11.0 : f(Xiw) or f(Xein) divided by 128 
11.1 2 f(Xyy) or f(Xcin) divided by 256 
Serial 1/O2 port selection bit (P55 and P5¢) 
0 : 1/0 port 
1} Soute and Scixe signal pins 
Peete Srpy2 output selection bit (P57) 

0 : 1/0 port 

1 : Sppy2 signal pin 
Transfer direction selection bit 

Q : LSB first 

1 : MSB first 
eee eae Synchronization clock selection bit 

0 : External clock 
1 : Internal clock 


—-_ oOo CO 














Deere ne hee 








* : Valid only in serial |/O automatic transfer mode 


Fig. 11 Structure of serial I/O control registers 
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(1) Operation in Normal Serial |1/O Mode 

Either an internal clock or an external clock can be 
selected as the synchronization clock for serial I/O 
transfer. A dedicated divider is built-in as the internal 
clock, giving a choice of six clocks. 

If internal clock is selected, transfer start is activated 
by a write signal to a serial I/O register (address 
001Bi¢ or 001F1,). After eight bits have been transfer- 
red, the Sour pin goes to high impedance. 


Synchronization 
clock 


Transfer clock 


Serial I/O register 
write signal 


Serial |/O output 
Sout 


Serial 1/O input 
IN 


Receive enable 
signal 


Sroy 


lf external clock is selected, the clock must be control- 
led externally because the contents of the serial {/O 
register continue to shift while the transfer clock is in- 
put. In this case, note that the Sour pin does not go to 
high impedance at the completion of data transfer. The 
interrupt request bit is set at the end of the transfer of 
eight bits, regardiess of whether the internal or exter- 
nal clock is selected. 


Interrupt request bit set 


Note. If internal clock ts selected, the Sour pin is at high impedance 


after transfer ends. 


Fig. 12 Serial 1/O timing in normal mode (for LSB first) 


(2) Serial 1/O Automatic Transfer Mode 
The serial 1/01 function has an automatic transfer func- 
tion. For automatic transfer, switch to the automatic 
transfer mode by setting the serial |/O automatic trans- 
fer control register (address 001Aj,). 
The following memory spaces are added to the circuits 
used for the serial !1/O1 function in ordinary mode, to 
enable automatic transfer mode: 
* 32 bytes of serial I/O automatic transfer RAM 
¢ A serial 1/O automatic transfer control register 
¢ A serial 1/O automatic transfer interval register 
* A serial 1/O automatic transfer data pointer 
When using serial |/O automatic transfer, set the serial 
\/O control register (address 00191.) in the same way 
as for ordinary mode. However, note that if external 
clock is selected and bit 4 (the Sppy; output selection 
bit) of the serial 1/O1 control register is set to “1”, port 
P53 becomes the CS input pin. 


(Serial /O Automatic Transfer Control Register) 
SIOAC 

The serial 1/O automatic transfer control register (address 
001A;,) contains four bits that select various control para- 
meters for automatic transfer. 





@. wirsusisit 
ELECTRIC 








Serial |/O automatic transfer control register 
(SIOAC : address 001A;,) 


Automatic transfer control bit 

0 : Ordinary serial mode 

(serial 1/O1 interrupt) 

1 : Automatic transfer mode 

(serial 1/O1 automatic transfer interrupt) 

Automatic transfer start bit 

0 : Transfer end 

1 : Transferring(start of 1 write) 

Transfer mode switching bit 

0 : Fullduplex(transmit and receive) - 
mode 

1 : Transmit-only mode 

Synchronization clock output 

pin selection bit 

0 * Seiki 


1 > Seite 


Fig. 13 Structure of serial 1/O automatic transfer 


control register 
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(Serial /O Automatic Transfer Data Pointer) SIODP 
The serial 1/O automatic transfer data pointer (address 
0018,¢) contains five bits that indicate addresses in serial 
1/O automatic transfer RAM (each address in memory is 
actually the value in the serial |/O automatic transfer data 
pointer plus 0100,¢). 
Set the serial 1/O automatic transfer data pointer to (the 
number of transfer data—1), to specify the storage position 
of the start of data. 
¢ Serial |1/O Automatic Transfer RAM 
The serial |/O automatic transfer RAM is the 32 bytes 
from address 0100;, to address 011F 46. 


Ponies 
oni 


Fig. 14 Bit allocation of serial 1/O automatic transfer RAM 


Transfer clock 





¢ Setting of Serial 1/O Automatic Transfer Data 
When data is stored in the serial |/O automatic transfer 
RAM, it is stored with the start of the data at the address 
set by the serial |/O automatic transfer data pointer and 
the end of the data at address 0100j¢. 


(Serial /O Automatic Transfer Interval Register) 
SIOAI 

The serial I/O automatic transfer interval register (address 
001C,.) consists of a 5-bit counter that determines the 
transfer interval Ti during automatic transfer. 

If a value n is written to the serial |/O automatic transfer in- 
terval register, a value of Ti=(n+2) XTc is generated, 
where Tc is the length of one bit of the transfer clock. | 
However, note that this transfer interval setting is only valid 
when internal clock has been selected as the clock source. 


Serial I/O output 
Sour ie Sanaa 


Serial |/O input 


1 byte data 


Fig. 15 Serial |/O automatic transfer interval timing 


Sin ea ae 








2—132 





MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M3811x Group 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





¢ Setting of Serial 1/O Automatic Transfer Timing (2.1) Operation in Full Duplex Mode 
Use the serial 1/01 control register (address 0019,,) and In full duplex mode, data can be transmitted and received 
the serial !/O automatic transfer interval register at the same time. Data in the automatic transfer RAM is 
(address 001C;¢) to set the timing of serial |/O automatic sent in sequence and simultaneously receive data is written 
transfer. to the automatic transfer RAM, in accordance with the serial 
The serial 1/O1 control register sets the transfer clock 1/O automatic transfer data pointer. 
speed, and the serial |/O automatic transfer interval reg- The transfer timing of each bit is the same as in ordinary 
ister sets the serial |/O automatic transfer interval. operation mode, and the transfer clock stops at “H” after 
This setting of transfer interval is valid only when internal eight transfer clocks are counted. If internal clock is 
clock is selected as the clock source. selected, the transfer clock remains at “H” for the time set 

¢ Start of Serial 1/O Automatic Transfer by the serial I/O automatic transfer interval register, then 
Automatic transfer mode is set by writing “1” to bit 0 of the data at the next address indicated by the serial 1/O 
the serial 1/O automatic transfer control register (address automatic transfer data pointer is transferred. If external 
001A,¢), then automatic transfer starts when “1” is written clock is selected, the setting of the automatic transfer inter- 
to that bit. Bit 1 of the serial 1/O automatic transfer control val register is invalid, so the user must ensure that the 
register is always “1” during automatic transfer; writing transfer clock is controlled externally. 
“0” to it is one way to end automatic transfer. Data transfer ends when the contents of the serial |/O auto- 

* Operation in Serial |/O Automatic Transfer Modes matic transfer pointer reach “00,,”. At that point, the serial 
There are two modes for serial |/O automatic transfer: fuil 1/O automatic transfer interrupt request bit is set to “1” and 
duplex mode and transmit-only mode. Either internal or bit 1 of the serial 1/O automatic transfer control register is 
external clock can be selected for each of these modes. cleared to “0” to complete the serial |/O automatic transfer. 


(2.2) Operation in Transmit-Only Mode 

The operation in transmit-only mode is the same as that in 
full duplex mode, except that data is not transferred from 
the serial 1/01 register to the serial 1/O automatic transfer 
RAM. 


Transfer direction selection bit LSB first (SC1,=0) : MSB 
MSB first (SC1,=1) : LSB 


DO, | DOs DO, 


DO; DOg. DO, DOz 











Dlo DO, DO; DOz 








~ [eer] |e on] on 
Soe 


Transfer clock Serial 1/01 register 











Fig. 16 Serial 1/01 register in full duplex mode 
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(2.3) If Internal Clock is Selected 

If internal clock is selected, the P53/Srpyi/CS/Souiae pin 
can be used as the Sarpy; pin by setting the SC1, bit to “1”. 
If internal clock is selected, the P53 pin can be used as the 
synchronization clock output pin Scixi2 by setting the 
SIOAC3 bit to “1”. In this case, the Scix 1; pin is at high im- 
pedance. 

Select the function of the P53/Sapyi/CS/Scrki2 and P5p/ 
Scixi1 pins by setting bit 3 (SC13), bit 4 (SC1,), and bit 6 
(SC1.¢) of the serial 1/O1 control register (address 00194.) 
and bit 3 (SIOAC,) of the serial |/O automatic transfer con- 
trol register (address 001A,,). (See Table 2.) 


Serial 1/O automatic transfer 
control register 
bit 1 write signal 


Serial |/O automatic transfer 
control register bit 1 


Write signal from RAM to 
serial 1/O1 register 

Write signal from serial 1/01 
register to RAM 


Data pointer 


Transfer clock 
(internal or Scux output) 
Receive 
enabled signal 
Sroy 
Serial {/O output 2... 
Sout 
Serial !/O input 
Sin 


Serial !|/O automatic transfer 
control register 
bit 1 write signal 


If using the Soiki1 and Scixi2 pins for switching, set the 
P53/Sroyi/CS/Scrki2 pin to P53 by setting the SC1, bit to 
“0”, and set the P53 direction register to input mode. 

Make sure that the SIOAC, bit is switched after automatic 
transfer is completed, while the transfer clock Is still “H”. 


Table 2. Sorki1 and Scixi2 selection 


SC1, 


OL Sou | PB | 
0 High 
1 Scik12 
impedanse 


Note. SC1z : Serial !/O1 port selection bit 
SC14: Sapy; output selection bit 
SCi, : Synchronization clock selection bit 
SIOAC3 : Synchronization clock output pin selection bit 





SCI¢ 














ea | Eee ete eo ee ome A 


Serial 1/O automatic MANSCG 3,0 ee i eee = 


control register bit 1 
Write signal from RAM to 
serial 1/01 register 


a en ILS 


Write signal frorm Serial 1/01 el Le 
register to RAM 
Data pointer —__m HX 7 


SIOAC3 


Transfer clock 
(internal) 


Seik11 Output 
Scuiki2 Output 


Serial 1/O output 
Sout 


Serial 1/O input 





| 
| 


= = = — BE NDO KET KOS NOOO. KOO KOO — — — 


Sin G3 ©) &) CP 6D G9 Cm 


Transfer interval 


Fig. 18 Timing during serial |1/O automatic transfer (internal clock selected, Scixi1 and Seixiz used) 
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(2.4) If External Clock is Selected 

If an external clock is selected, the internal clock and the 
transfer interval set by the serial I/O automatic transfer in- 
terval register are invalid, but the serial 1/O output pin Soyr 
and the internal transfer clock can be controlled from the 
outside by setting the Sppy; and CS (input) pins. 

When the CS input is “L”, the Sour pin and the internal 
transfer clock are enabled. When the CS input is “H”, the 
Sout pin is at high impedance and the internal transfer 
clock is at “H”. 

Select the function of the P53/Srpyi/CS/Soixi2 pin by set- 
ting bit 4 (SC1,) and bit 6 (SC1,) of the serial 1/01 control 
register (address 0019;¢) and bit 0 (SIOAC,) of the serial 
I/O automatic transfer control register (address 001Aj4¢). 
Make sure that the CS pin switches from “L” to “H” or from 
“H” to “L” while the transfer clock (Sco... input) is “H” after 
one byte of data has been transferred. 

If external clock is selected, make sure that the external 
clock goes “L” after at least nine cycles of the internal sys- 
tem clock ¢ after the start bit is set. Leave at least 11 cy- 
cles of the system clock ¢ free for the transfer interval after 
one byte of data has been transferred. 


Serial 1/O automatic transfer 
control register 
bit 1 write signal 


Serial |/O automatic transfer 
contro! register bit 1 

Write signal from RAM to 
sertal 1/01 register 

Write signal from serial 1/01 
register to RAM 


Data pointer n 


If CS input is not being used, note that the Sou pin will not 
go high impedance, even after transfer is completed. 

If CS input is not being used, or if CS is “L”, control the ex- 
ternal clock because the data in the serial |/O register will 
continue to shift while the external clock is input, even after 
the completion of automatic transfer. (Note that the automa- 
tic transfer interrupt request bit is set and bit 1 of the auto- 
matic transfer register is cleared at the point at which the 
specified number of bytes of data have been transferred. ) 


Table 8. P53/Srpy,/CS selection 


ee oe PS 
= 


Note. SC1,4: Sppy; output selection bit 
SC1, : Synchronization clock selection bit 
SIOAC, : Automatic transfer control bit 


P53/Srpyi/CS 









l 
External input | 
CS - seeeweere serene a ee 
| 


Transfer clock 
Scik input 


| 
Transfer clock aaa mM M nN M 7 nm mM ena 
(internal ) | | 


| | 
Serial I/O output | 


Sout 7 AX MLOKDO YOO WV OsSIVOADOSIDOGKDO?_ -+- --—---- 
| 


| 
si aag KIX DI XDEX DEX OLX DIsXOIEXDEX XXX XX KK 





Note. Data marked with X ts invalid 


Fig. 19 Timing during serial 1/O automatic transfer (external clock selected) 
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PULSE WIDTH MODULATION (PWM) 
OUTPUT CIRCUIT 

Microcomputers of the M3811x group have a PWM function 
with a 14-bit resolution. When the oscillation frequency Xj 
is 4MHz, the minimum resolution bit width is 500ns and the 
cycle period is 8192us. The PWM timing generator sup- 
plies a PWM control signal based on a signal that is half 
the frequency of the Xjy clock. 


Data bus 


Ge to 1 at ) 
write 


be 


ee ee ae see 


PWMH register 
(address 002C,.) 


PWM latch( (14bits) 


The explanation in the rest of this data sheet assumes X,y= 
4MHz. 


PWML register( address 002D,.¢) 


eT i! 


14-bit PWM circuit 


sins 
ee 
a 2 


Xin 
(4MHz) 


Fig. 20 PWM block diagram 


(128us period) 


(8192s period) 





P6_ latch 
P6)/PWM 


O 
PWM output 
selection bit 
PWM output 
selection bit 


P69 direction 
register 
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(1) Data Set-up 

The PWM output pin also functions as port P69. Set port P65 
to be the PWM output pin by setting bit 0 of the PWM 
mode register (address 002B,,). The upper eight bits of 
output data are set in the upper PWM register PWMH 
(address 002C,,) and the lower six bits are set in the lower 
PWM register PWML (address 002D,,). 


(2) Transfer From Register to Latch 

Data written to the PWML register is transferred to the 
PWM latch once in each PWM period (every 8192s), and 
data written to the PWMH register is transferred to the 
PWM latch once in each sub-period (every 128us). When 
the PWML register is read, the contents of the latch are 
read. However, bit 7 of the PWML register indicates. 
whether the transfer to the PWM latch is completed; the 
transfer is completed when bit 7 is “O”. 


Table 4. Relationship between lower 6 bits of data and 
period set by the ADD bit 


Lower 6 Bits of Data(PWML) 
LSB 


000000 
000001 m=32 


000010 m=16, 48 

000100 m= 8, 24, 40, 56 

001000 m= 4,12, 20, 28, 36, 44, 52, 60 

010000 m= 2, 6,10, 14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62 
100000 m=1,3,5,/7, , 57, 09, 61, 63 


Sub-periods tm Lengthened (m =0 to 63) 


8192 us 


315 us 315 us 315 us 


Pulse width modulation register H : 00111114 
Pulse width modulation register L : 000101 
Sub-periods where “H” pulse width 1s 32 us : 
Sub-periods where “H” pulse width 1s 315 ws: 


Fig. 21 PWM timing 





(3) PWM Operation 

The timing of the 14-bit PWM function is shown in Fig. 23. 
The 14-bit PWM data is divided into the lower six bits and 
the upper eight bits in the PWM latch. 


The upper eight bits of data determine how long an “H”- 
level signal is output during each sub-period. There are 64 
sub-periods in each period, and each sub-period is 256 < 
T (128us) long. The signal is “H” for a length equal to N 
times 7, where 7 is the minimum resolution (500ns). 


The contents of the lower six bits of data enable the leng- 
thening of the high signal by 7 (500ns). As shown in Fig. 20, 
the six bits of PWML determine which sub-cycles are leng- 
thened. 

As shown in Fig. 23, the leading edge of the pulse is leng- 
thened. By changing the length of specific sub-periods in- 
stead of simply changing the “H” duration, an accurate 
waveform can be duplicated without the use of complex ex- 
ternal filters. 


For example, if the upper eight bits of the 14-bit data are 
03,5 and the lower six bits are 05,.¢, the length of the “H”- 
level output in sub-periods tg, to4, tg2, tao, aNd tsg is 47 , and 
its length 37 in all other sub-periods. 


m = 8, 24, 32, 40, 56 
m = all other values 
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PWM mode register (address 002B,,) 


P6)/PWM output selection bit 
0 : I/O port 
1 : PWM output 





Fig. 22 Structure of PWM mode register 


Data 6A, stored at address 002Ci, Data 7B,, stored at address 002C 4. 


regiate Ce 
register 5916 6Ai6 7Bie 
Data 24,, stored| at address 002D;, Bit 7 cleared after transfer Data 35,, stored at address 002D4, 


Transfer from register to latch Transfer from register to latch 


Byte 1653i6| S1A9316 | 1AAdie _ ‘6 


= When bit 7 of PWML ts 0, transfer 
Peelers from register to latch is disabled 
(64X128us) 


Ea 
t=128us bic... 
Example | 6A |6B 6A 6B 6A 6B 6A 6B 6A 6B 6B 6A 6B 6A 6B 6A 6B 6A 
PWM output 

® 


Lower 6-bit output : 
H=6Aie, L=2416 


6Bis - - 36times 6Ai6 28times______» 109§«64+36 
(107) (106) 


Example 2 6A |6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B |6A 6A 
PWM output 


Lower 6-bit output : 
H=6Aig, L=18y46 


6Bis 24times 


t=128us 


(256X0. 5s) 
Minimum bit width} 7 =0.5us 


PWM output eB) 
@ ADD 


8-bit 102101 'O0| FF IFES FDIFCE --------- 197 $96 $95 §------- } 028 OL 00 PFE EFESFDSFC# ~~~ $97 496895 8 


counter 
ne | eee, 


portions with H period length specified by PWMH 
additional 7 are 


determined by 
PWML 256 Tt (128s), fixed 





Fig. 23 14-bit PWM timing 
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COMPARATOR CIRCUIT 

Comparator Configuration 

The comparator circuit consists of a switch tree, ladder re- 
sistors, a comparator, a comparator control cricuit, a com- 
parator register (address 0030,,¢), and an analog signal in- 
put pin (P6./AN). The analog signal input pin (P6¢/AN) 
also functions as an ordinary digital 1/O port. 


Comparator Register (CMP) 
The comparator register is a 5-bit register of which bits 0 to 
3 can be used to generate internal refernce voltage in 
steps of 1/16 Voc, The result of the comparision between 
the analog input voltage and an internal reference voltage 
is stored in bit 4 of comparator register. 


Comparator Operation 

To activate the comparator, first set port P6, to input mode 
by setting the corresponding direction register (address 
000D,,) to “O’—this ensures that port P6./AN is used as an 
analog voltage input pin. Then write a digital value corres- 
ponding to the internal comparison voltage into bits 0 to 3 
of the comparator register (address 0030,,). This write op- 
eration immediately activates the comparison. After 14 cy- 
cles of the system clock ¢(the time required for the 
comparison), the comparison result is stored in bit 4 of the 
comparator. 


(Address 000C,.) 


Comparator control circuit 


P6 
6O Analog input voltage 
Comparator 


internal reference voitage 


If the analog input voltage is greater than the internal refer- 
ence voltage, bit 4 is “1”; if it is less than the internal refer- 
ence voltage, bit 4 is “0”. To perform another omparison, 
the comparator must be written to again, even if the same 
internal reference voltage is to be used. 


Table 5. Correspondence between bits 0 to 3 of the 
comparator register and internal reference 
voltage 













Comparator register 
o | o | o | 







Internal reference voltage 








1/16Vec+1/32Vcc 
2/16Voo+1/32Voc 
3/16Vee+1/32Vec 
4/16Vec+1/32Vcc 
5/16Voo+1/32Voc 
6/16Vec+1/32Vec 


7/16Voc+1/32Vec 


9/16Voc+1/32Vcc 

10/16Ve6+1/32Vco 
11/16Veo+1/32Vec 
12/16Voco+1/32Vec 
13/16Voo+1/32Vcco 
14/16Veo+1/32Vec 


=e 15/16Vcc+1/32Vcc 


















1 
1 
1 
1 
1 
1 




















1 
1 


Comparator result 
output 


Comparator register (CMP) 
(address 0030;,) 


jars [ens | oz | ons | oro 


ion ; 
Switch tree 


Fig. 24 Comparator circuit 


a Ladder resistors 
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FLD CONTROLLER 


Microcomputers of the M3811x group have fluorescent dis- 
play (FLD) drive and control circuits. 
The FLD controller consists of the following components: 


° 16 pins for segments 
° 20 pins for digits 
* FLDC mode register 
* FLD data pointer 
* FLD data pointer reload register 


Main address 
bus 


Local address 


bus 








Address 


decoder 


¢ Port PO segment/digit switching register 


¢ Port P2 digit/port switching register 
e Key-scan blanking register 
¢ 32-byte FLD automatic display RAM 


Eight to sixteen pins can be used as segment pins and 
eight to sixteen pins can be used as digit pins. 
Note that only 28 pins (maximum) can be used as segment 


and digit pins. 


FLD automatic display RAM Main data bus 


0040;. G1 (SEG P3) 
G2 (SEG P3) 


G15 (SEG PO) 
G16 (SEG PO) 















rea 
te he 
Hie Pee « 





















a 
mB 


se netwage Beg 







%, 





Te 
wis 
ye ae 


Co Fe 
ety 


FLD data pointer reload 
register (address 001746) 






FLD data pointer 
(address 001716) 







Timing generator 


Fig. 25 FLD control circuit block diagram 


Local data bus 






Key-scan 
blanking 
register 


(address 0015,,) 










P09/Se/Do 
7 [ Pov/Se0 | 


P0,/S,/D, 


5/0 | PodSw/D. | § 
7D | POs/Si/De 
7D | Po7/Si/Dy 


00001. 


OIn 


L Pt/Ds | 
| PI/Die |g 


| 0002,, 


-_ P2e/Di 


P2,/Du 
PD | 8 


fore [F207 


001416 000416 


FLD blanking interrupt 
FLD digit interrupt 
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FLDC Mode Register (FLDM) 

The FLDC mode register (address 0016;,¢) is a seven bit 
control register which is used to control the FLD automatic 
display. 


Key-scan Blanking Register (KSCN) 

The key-scan blanking register (address 0015,,¢) is a two 
bit register which sets the blanking period Tscan between 
the last digit and the first digit of the next cycle. 


FLDC mode register(FLDM : address 0016,.) 


Automatic display control bit(PO, P1, P2, P3) 
0 : Normal mode 
1 | Automatic display mode 
Display start bit 
0 : Display stopped 
1 : Display in progress 
(display starts when “1” 1s written to this bit) 
Tdisp control bits 
(digit timing setting, when operating at 4MHz) 


b4 b3 b2 
000 


1 
0 
1 
0 
1 
0 
1 


> 128us 
> 256us 
> 384us 
> 512us 
> 640us 
> 768 us 
: 896us 
> 1024us 


ontrol bits (digit/segment-off timing setting) 


: 1/16XT disp 
: 10/16XTdisp 
‘. 12/16XTdisp 





Fig. 26 Structure of FLDC mode register (FLDM) 


Key-scan blanking register(KSCN : address 0015;.) 


Tscan control bits 


b bd 
00: 
01 
0. 
1 


1 
1 


: p 


FLD digit interrupt(at rise of each digit) 


FLD blanking interrupt 


2XTdis 
(at fall of final digit) 





Fig. 27 Structure of key-scan blanking register (KSCN) 
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FLD Automatic Display Pins ms 

The FLD automatic display function of Ports PO, P1, P2,- When using the FLD automatic display mode, set the num- 
P23, and P3 is selected by setting the automatic display ber of segments and digits for each port. 

control bit of the FLDC mode register (address 0016,,) to 


Table 6. Pins in FLD automatic display mode 


Automatic Display Pins Setting Method 


SEGo-SEG7 None (segment only) 
SEGs-SEGis_ 
or 
DIGo-DIG7 
DIGg-DiGi>5 
DIG y6-DIGi9 
or 
P29-P23 








Port Name 



















The individual bits of the segment/digit switching register (address 0012,.) can be used to set each pin to 
segment (“1”) or digit (“0”) (Note) 


















None (digit only) 







The individual bits of the digit/port switching register (address 00141.) can be used to set each pin to digit 
(“1”) or normal port output (“0”) (Note) 







Note. Always set digits In sequence 


Number of segments 
Number of digits 


SEG2 


1] SEG 


‘11 | SEGo 
Port PO SEG4o 
(has segment 


/digit switching 
register) 


Port P3 
(segment only) 


DIGi3 —G3 
DIGi4 —+G2 
DIGis —Gi1 


Port P1 
(digit only) 


Port P2 0 | 
(has digit/port 0] 
r {0 | 


switching registe 


pe 


Segment (Note) 


Normal port 


[SEG | 
1]SEG 
1] SEGio 
1} SEG 
}0 | DIG, G16 | 
}0 | DIGs G15 _ 
0 | DIG G14 | 
[0 | DIG, G13 _| 


Note : Eight pins are used among the sixteen segment pins (SEGp to SEG;5) 


Fig. 28 Segment/digit setting example 


Segment 


Segment 


DIGip G1 | 
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FLD Automatic Display RAM 

The FLD automatic display RAM area is the 32 bytes from 

address 0040,, to 005Fi¢.. The FLD automatic display RAM 

area can be used to store 2-byte data items for a maximum 

of 16 digits. Addresses 0040,, to 004F,, are used for P3 

segment data, addresses 0050,, to 005F,, are used for PO 

segment data. ; 

¢ FLD Data Pointer and FLD Data Pointer Reload Register 
The FLD data pointer indicates the data address in the 
FLD automatic display RAM to be transferred to a seg- 
ment, and the FLD data pointer reload register indicates 
the address of the first digit of segment PO. 


7 5 
0040: SEG, 


56a, sea, | 


004116 SEG; | SEG, | SEG 
SEGe 





‘ 
. 


SEG; 
004E 1 SEG; | SEG, 





Both the FLD data pointer and the FLD data pointer re- 
load register are allocated to address 0017, and are 5- 
bits wide. Data written to this address is written to the 
FLD data pointer reload register, data read from this 
address is read from the FLD data pointer. 

The actual memory address is the value of the data poin- 
ter plus 401.6, 5046. 

The contents of the FLD data pointer indicate the start 
address of segment PO at the start of automatic display. If 
segment PO data is transferred to the segment, the FLD 
data pointer returns— 16; if segment P3 data is transfer- 
red, it returns +15. After it reaches “00”, the value in the 
FLD data pointer reload register is transferred to the FLD 
data pointer. In this way, two bytes of data for the PO and 
P3 segments of one digit are transferred. 


SEG) |. 


—_—— (final data of 
segment P3) 








Segment P3 
data area 


SEG, 
SEG; 


SEG; | SEGio | SEG) | SEG, fe] — (final data of 
SEG SEGs segment PO) 
005216 SEGis SEG SEG, | SEGio | SEG, 





Segment PO 
data area 





SG, | SEG, 
SEG, 
SEGs 








Fig. 29 FLD automatic display RAM and bit allocation 
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* Data Setup Set the FLD data pointer reload register to the value 
When data is stored in the FLD automatic display RAM, given by the number of digits—1. “1” is always written to 
the end of segment P3 data is stored at address 00404¢, bit 4. Note that “O” is always read from bit 4 during a 
and the end of segment PO data is stored at address read. 


0050,,. The head of each of the segment P3 and PO data 
is stored at an address that is the number of digits — 1 
away from the corresponding address 004016, 0050;¢. 


For 12 segments and 16 digits For 16 segments and 12 digits 
(FLD data pointer reload register=15) (FLD data pointer reload register=11) 


Bit 


IE fae | Ts TTT 
Addr Address 
0040 VALU ZATLL TNTPINTIATTD 004016 ///T// NVI IV LALIT ALLY 
VIIA TIM ITAL I IIT TIT IS 0041s T// VISAS VIM LLL 
ane A IIL T INITIALS IVIL | 004216 V/A NILE NIL LY) 
| 004316 S/MIME) | 004816 V/JETTA 
| 004416 VIPAT IIV ITNT IV IAI LAL 004416 | / VIN I IL N LLL IV ALLL 
LALLA LLS Ty one VINNIE | 
| 004616 V/A IV III NL VL 
| 004716 (SV ISAS VI AL VLA 





VITA IVIT AT 
Feed UML AIA T. 


er teeeaee PV ITNT PATIL HH 008. Ve 
a ie CIALIS AIL I LAIST | 004916 VISALIA III LV LL 
LI AI I MILL. | 004A L/L ITI TMT TT IVI ATV EAT 
VAUTATTHUTANEULUUASEULOGE 004Bs P/V TAIL LTLTAT T 7 
PELVIS. EAE EE dA LLM LL) 00406 [ae aa A Fa 
VIL MLV LIAL NLL ALLL 





PERI S: 004Di¢ 
Wee trey els eig Vals tears eee, 004E 16 
004F 16 LEELA EWE forse | [| | | ft th UT UT 
005016 ID IIIT VTL) | 005016 V/A IVI ASIII NLU TLL 
on ee ee Oe eee ee O06 IIL ET ATTA LIV Ed 
005216 Ee ee A | 008216 E// VISAS INIA IVI SAL LLL 
005316 ee ee SA EE ee, 00536 V/SAS//VI A/S NILA LLY 
005416 _ et PIV I IVS [O06 VTE AL 
005516 LIVI ETAT | | 005516 (///V I/II ASL ALLA ELL 
005616 Sain ae, Aid (VET TT | 00566 V/A S/N LS 
005716 (See esa aee ae) O07. VLA A 
005814 SLIVILALLIV EL} 00586 [///V//A//Y MVNA 
00591 Cee Vee cae Vee 005% V/A IV IAL VIAL LL 
005A VITAL IVIL AL LL 005A V/A VIA NLL LL 
VT. Ae “y | 005Bie JVI SAIS SALLI TALL VELL TL 
ee LINAS 
AY Ate 
IMT ATL 
VIF IV ST 



























































Note. Shaded areas are not used 





Fig. 30 Example of using the FLD automatic display RAM. 
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* Timing Setting 
The digit timing (Tdisp) and digit/segment turn-off timing 
(Toff) can be set by the FLDC mode register (address 
0016,,). The scan timing (Tscan) can be set by the key- 
scan blanking register (address 0015,,). 
Note that flickering will occur if the repetition frequency 
(1/(Tdisp number of digits++Tscan)) is an integral mul- 
tiple of the digit timing Tdisp. 

¢ FLD Start 
To perform FLD automatic display, you have to use the 
following registers. 
¢ Port PO segment/digit switching register 
¢ Port P2 digit/port switching register 
¢ Key-scan blanking register 
¢ FLDC mode register 
¢ FLD data pointer 
Automatic display mode is activated by writing “1” to bit 0 
of the FLDC mode register (address 00166), and the 





Segment 





automatic display is started by writing “1” to bit 1. 
During automatic display bit 1 always keeps “1”, automa- 
tic display can be interrupted by writing “O” to bit 1. 


If key-scan is to be performed by segment during the 

key-scan blanking period Tscan, 

1. Write “0” to bit OQ (automatic display control bit) of 
FLDC mode register (address 0016;.). 

2. Set the port corresponding to the segment to the nor- 
mal port. 

3. After the key-scan is performed, write “1” (automatic 
display mode) to bit 0 of FLDC mode register 
(address 0016,,). 


Note on performance of key-scan in the above 1 to 3 

order. 

1. Do not write “0” to bit 1 of FLDC mode register 
(address 0016,,). 

2. Do not write “1” to the port corresponding to the digit. 


~ 
~ 
~ 
~ 
™~ 
™. 
~ 
~ 
~~ 
~~ 
™ 
~ 











output A AA A AA OMA OA AL LL KR DU OM ?D 


| 


FLD digit interrupt generated 
at the rising edge of segment 
data 


Nieto 
Segment setting by software 


FLD blanking interrupt generated at 
the falling of edge of the last digit 


Digit ee a: 


Segment 





Fig. 31 FLDC timing 
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RESET CIRCUIT 

After a reset, the microcomputer will start in high-speed 

operation start mode or low-speed operation start mode 

depending on a mask-programmable option. 

¢ High-Speed Operation Start Mode 
In high-speed operation start mode, reset occurs if the 
RESET pin is held at an “L” level for at least 2s then is 
returned to an “H” level (the power supply voltage 
should be between 4.0V and 5.5V). Both the Xj, and the 
Xcin Clocks begin oscillating. In order to give the Xj 
clock time to stabilize, internal operation does not begin 
until after 13 X;, clock cycles are complete. After the re- 





{ 
a Power on 


Note. Reset release voltages : 
In high-speed operation start mode : Voc=4. 0V 
In low-speed operation start mode ? Voc=2. 8V 


Power supply voltage 


we detection circuit 


| 
| 
| 
| 
| 
| 





Fig. 32 Power-on reset circuit example 


set is completed, the program starts from the address 
contained in address FFFD,, (upper byte) and address 
FFFC,, (lower byte). 

Low-Speed Operation Start Mode 

In low-speed operation start mode, reset occurs if the 
RESET pin is held at an “L” level for at least 2us then is 
returned to an “H” level (the power supply voltage 
should be between 2.8V and 5.5V). The Xi, clock does 
not begin oscillating. In order to give the Xcjn time to sta- 
bilize, timer 1 and timer 2 are connected together and 
512 cycles of the Xcjy/16 are counted before internal op- 
eration begins. After the reset is completed, the program 
starts from the address contained in address FFFDi. 
(upper byte) and address FFFC, (lower byte). 

If the Xcin clock is stable, reset will complete after 
approximately 250ms (assuming f(Xcin) =32.768kHz). 
Immediately after a power-on, the stability of the clock 
circuit will determine the reset timing and will vary 
according to the characteristics of the oscillation circuit 
used. 

Note on Use 

Make sure that the reset input voltage is no more than 
0.8V in high-speed operation start mode, or no more than 
0.5V in low-speed operation start mode. 
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Address Register contents Address Register contents 
Port PO register (000 046): Timer 12 mode register (00 2 846)° 


Port P1 register (000 246): Timer 34 mode register (00 2 946)- 


Port P2 register (000 446): PWM control register (00 2 Big): 


Port P2 direction register (000 5i6)-° Comparator register (00 3 O46) 


Port P3 register (0 0 0 646): High-breakdown-voltage port (00 3 816): 


Port P4 register (000 846)° control register 


Port P4 direction register (000 9i6)-- Interrupt edge selection register (0 0 3 Aig) 


Port P5 register (0 0 0 Aig): CPU mode register (0 0 3 Big) 
Port P5 direction register (00 0 Big): Interrupt request register 1 (0 0 3 Cig): 
Port P6 register (0 0 0 Cig): Interrupt request register 2 (0 0 3 Dig): 


Port P6 direction register (00 0 Dyg):: Interrupt control register 1 (0 0 3 E46): 


Port PO segment/digit (001 246): Interrupt control register 2 (0 0 3 Fig): 
switching register Processor status register (PS): 


Port P2 digit/port switching (00 1 446): Program counter (PCy): 


212 |b]  * | 
$s 
as || -— 
@O i} @ 
aie 
ola 
Q{i2 
> || > 
aia 
Qa /]a 
a iis 
@O i! © 
nm i] 
nm | Ww 
nin 
2 ee eet | 
TH nT 
a Ie I< i) 
@ Ilo 


register (PC,)- 
Key-scan blanking register (0 0 1 546):° 
FLDC mode register (001 646)- 
Serial 1/O1 control register (00 1 91.6): 
Serial I/O automatic transfer (0 0 1 Aig)- 
control register 
Serial 1/O automatic transfer (0 0 1 Ci¢)-- 
interval register 
Serial |/O2 control register (00 1 Dig): 
Timer 1 register (00 2 446)- FFy6 
Timer 2 register (00 2 5i46)' Olie 


Timer 3 register (0 0 2 6i6)° FFi¢ 


Timer 4 register (0 0 2 746): FFi¢ 


Note. * : The initial values of bits 7 and 6.of the CPU mode register are determined by a mask option. 
X : Underfined 
The contents of all other registers and RAM are undefined after a reset, so programs must set their initial values 





Fig. 33 Internal status at reset 
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Q/\; 


. : eowgell 
Time until oscillation starts ' Time necessary for oscillation to stabilize 


Time until oscillation starts 


Internal 
reset 


System 
clock 


eee XK XFS XFFFD XADs, 1) 
Data 





Fig. 34 Reset sequence in high-speed operation mode 


(Oscillation stopped) 


Xourt 
(4MHz) 


Xcour 
(32kHz) 
Time until oscillation starts | Time necessary for oscillation to stabilize 


Internal 
reset 


System 
clock 


—— GP Gp Gp Gio Gi a 
Data 


foe 





Fig. 35 Reset sequence in low-speed operation mode 
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CLOCK GENERATION CIRCUIT 
When using an external clock signal, input the clock signal 
to the Xin (Xcin) pin and leave the Xour (Xcour) pin open. 
If the Xcin clock is not used, connect the Xin pin to Vss, 
and leave the Xcour pin open. 
Either high-speed operation start mode or low-speed start 
mode can be selected by using a mask option. 
* High-Speed Operation Start Mode 
After reset has completed, the internal clock ¢ is half the 
frequency of Xiy. Immediately after power-on, both the 
Xin and Xcin clock start oscillating. To set the internal 
clock ¢to low-speed operation mode, set bit 7 of the 
CPU mode register (address 003B,,) to “1”. 
* Low-Speed Operation Start Mode 
After reset has completed, the internal clock ¢ is half the 
frequency of Xciy. Immediately after power-on, only the 
Xcin Clock starts oscillating. To set the internal clock ¢ to 
high-speed operation mode, first set bit 6 (CMg) of the 
CPU mode register (address 003B,,) to “0”, the set bit 7 
(CM7) to “0”. Note that the program must allow time for 
oscillation to stabilize. 
Oscillation Control 
Stop Mode 
If the STP instruction is executed, oscillation stops with 
the internal clock ¢at an “H” level. Timer 1 is set to 
“FF,” and timer 2 is set to “014,”. 
Either Xin or Xcin divided by 16 is input to timer 1, and 
the output of timer 1 is connected to timer 2. The timer 1 
and timer 2 interrupt enable bits must be set to disabled 
(“0”), so a program must set these bits before executing 
an STP instruction. Oscillation restarts at reset or when 
an external interrupt is received, but the internal clock ¢ 
is not supplied to the CPU until timer 2 overflows. This 
allows time for the clock circuit oscillation to stabilize. 


Wait Mode 

If the WIT instruction is executed, the internal clock ¢ 
stops at an “H” level but the oscillator itself does not 
stop. The internal clock restarts if a reset occurs or when 
an interrupt is received. Since the oscillator does not 
stop, normal operation can be started immediately after 
the clock is restarted. 


Low-Speed Mode 

If the internal clock is generated from the sub clock 
(Xcin), a low power consumption operation can be en- 
tered by stopping only the main clock Xj. To stop the 
main clock, set bit 6 (CM,) of the CPU mode register 
(003B,,) to “1”. When the main clock Xi is restarted, the 
program must allow enough time to for oscillation to sta- 
bilize. 

Note that in low-power-consumption mode the Xci,- 
Xcout drive performance can be reduced, allowing even 
lower power consumption (20uA with Xoy= 32kHz). To 





reduce the Xcin-Xcour drive performance, clear bit 5 
(CMs) of the CPU mode register (003B,,) to “0”. At re- 
set or when an STP instruction is executed, this bit is set 
to “1” and strong drive is selected to help the oscillation 
to start. 





External oscillator 


External oscillator or pulse 


Voc | | | Voc PUL 
Vss Vss 


Fig. 37 External clock input circuit 
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Timer 1 count stop bit 


Timer 2 count stop bit 


: 
“Q” 


“Q” Timer 1 count 


Internal system clock source selection 
selection bit bit 


CM7 (Note) 


Timing ¢ 
(Internal clock) 


Main clock stop bit CM, 
Internal system clock 
selection bit CM, 


s Q Q 2 | Reset 
STP WIT R R STP instruction 


instruction instruction 


Reset 
i Interrupt disable flag | 


Interrupt request 


Note. The values of CM7 and CMg at reset are determined by a mask option. 





Fig. 38 System clock generation circuit block diagram 
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High-speed operation 
start mode( Note 4) 











WIT STP 
instruction i 

Xin Clock oe : Xin Clock oscillating Rare 

Xcin Clock oscillating Xcin clock oscillating 

¢is stopped (“H”) a oe P=f(Xiy) /2 = 

Timer operating Interrupt Interrupt 
(Note 1) 

External INT, External INT, or 
timer interrupt, or CM7= SI/O interrupt 


S!/O interrupt 










































Xin Clock stopped 
Xcin Clock stopped 
¢ Is stopped (“H”) 











Xin Clock stopped 
Xcin Clock stopped 
% Is stopped (“H”) 









Xin Clock stopped 
Xcin Clock stopped 
¢= stopped (“H”) 


WIT STP 
Xin Clock oscillating instruction instruction 
Xcin Clock oscillating <——____— Xin Clock oscillating —____> 
“Ly Xcin Clock oscillatin 
¢ 1s stopped (“H”) CIN g 
Timer operating G=F(Xoin)/2 
(Note 3) Interrupt Interrupt 
(Note 1) 
CM,=0 
The program must 
CM.e=1 allow time for Xj 
oscillation to stabilize 
WIT STP 
Xin Clock stopped instruction instruction 
Xcin clock oscillating a Xin clock stopped —_—_ > 
i by Xcin Clock oscillatin 
¢ is stopped (“H”) CIN g 
Timer operating P=f( Xin) /2 
(Note 3) Interrupt interrupt 
(Note 2) 







Low-speed operation 
start mode (Note 4) 


The example assumes that 4MHz ts being applied to the Xi, pin and 32kHz to the Xciny pin 


Note 1. 
2. The delay after the STP state ends is approximately 0. 25s 





When the STP state is ended, a delay of approximately 2ms is automatically generated by timer 1 and timer 2 


3. If the internal clock ¢ divided by 8 is used as the timer count source, the frequency of the count source Is f( Xin) /16 


4. Specify this option when ordering a mask ROM version 


Fig. 39 State transitions of system clock 
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NOTES ON PROGRAMMING 


e 


Processor Status Register 

The contents of the processor status register (PS) after a 
reset are undefined, except for the interrupt disable flag 
(1) which is “1”. Therefore, flags that affect program ex- 
ecution must be initialized after a reset. In particular, it is 
essential to initialize the T and D flags because of their 
effect on calculations. 

Interrupts 

The contents of the interrupt request bits do not change 
immediately after they have been written. 

After writing to an interrupt request register, execute at 
least one instruction before performing a BBC or BBS in- 
struction. 

Decimal Calculations 

To calculate in decimal notation, set the decimal mode 
flag (D) to “1”, then execute a ADC or SBC instruction. 
Only the ADC and SBC instruction yield proper decimal 
results. After executing an ADC or SBC instruction, ex- 
ecute at least one instruction before executing a SEC, 
CLC, or CLD instruction. 

In decimal mode, the values of the negative (N), over- 
flow (V), and zero (Z) flags are invalid. 

The carry flag can be used to indicate whether a carry or 
borrow has occurred, but must be initialized before each 
calculation. Clear the carry flag before an ADC and set 
the flag before an SBC. 

Timers 

lf a value n (between 0 and 255) is written to a timer 
latch, the frequency division ratio is 1/(n-+1). 
Multiplication and Division Instructions 

The MUL and DIV instructions do not affect the T and D 
flags. 

The execution of these instructions does not change the 
contents of the processor status register. 

Ports 

The contents of the port direction registers cannot be 
read. Programs can not use the value of a direction reg- 
ister as an index, or bit-test a direction register (BBC or 
BBS), or perform a read-modify-write instruction such as 
ROR, CLB, or SEB. Use instructions such as LDM and 
STA to set the port direction registers. 

Serial I/O 

When using an external clock, input “H” to the external 
clock input pin and clear the serial I/O interrupt request 
bit before executing a serial I/O transfer. 

When using the internal clock, set the synchronization 
clock to internal clock, then clear the serial I/O interrupt 
request bit before executing a serial |/O transfer. 
instruction Execution Timing 

The instruction execution time is obtained by multiplying 
the frequency of the internal clock ¢ by the number of cy- 
cles needed to execute an instruction. 

The number of cycles required to execute an instruction 


is shown in the list of machine instructions. 
The frequency of the internal clock ¢is half of the Xj, or 
Xcin frequency. 
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DATA REQUIRED FOR MASK ORDERS 
The following are necessary when ordering a mask ROM 
production: 
(1) Mask ROM Order Confirmation Form 
(2) Mark Specification Form 
(3) Data to be written to ROM, in EPROM form 

(three identical copies) 
If required, specify the following option on the Mask Con- 
firmation Form: . 
* Operation start mode switching option 


ROM Writing Method 

The built-in PROM of the blank one-time programmable 
version and built-in EPROM version can be read from and 
written to with an normal EPROM writer using a special 
write adapter. 


Name of Write Adapter 


64P4B, 64S1B PCA4738S-64 
64P6N PCA4738F-64 


64D0 PCA4738L-64 : 


The PROM of the blank one-time programmable version is 
not tested or screened after assembly. To ensure proper 
operation after writing, the procedure shown in Figure 40 is 
recommended to verify programming 












Writing with PROM writer 
Screening (Note) 
(150°C for 40 hours) 


Verification with 
PROM writer 


, 


Functional check in target device 


Note. The screening temperature is far 
higher than the storage temperature Do 
not leave the microcomputer at 150°C 
for longer than 100 hours 





Fig. 40 Writing and testing of one-time programmable 
version 
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“ABSOLUTE MAXIMUM RATINGS 


l Veo Supply voltage —0.3 to 7.0 








== All voltages measured based on the Vsg pin 
| Vi____| input voltage RESET, Xw | tout transistors are isolated =0. 3 to Vec+0. 3 
Vo Output voltage PO -P07, P19-P17, P29-P23, P39-P37 


Voc 

V; 

V; 

V; 
Input voltage Xcin —0.3 to Vec+0. 3 
| Vo 
Output voltage P2,-P27, P4;-P47, P59-P5z, 

oO 

| Pa 
| Topr | 


Input voltage P24-P27, P4,-P47, P59-P57, P69-P67 


EMG Input voltage P49 








Voc—40 to Voct0. 3 V 
—0.3 to Voc +0. 3 
P69-P67, Xour, Xcout 


Vv 
Power dissipation T000(Note 1 
Topr Operating temperature —10 to 85 
__ = 40 to 125 


Note 1 : 600mW in case of the flat package 





RECOMMENDED OPERATING CONDITIONS (Voc = 4.0 to 5. 5V, Tg = —10 to 85, unless otherwise noted) 


Symbol Parameter 
High-speed operation mode 
Supply voltage 
Low-speed operation mode 
Supply voltage 
Pull-down power supply voltage 


Analog input voltage 
“H” input voltage P2,-P27 


| Vin _| “H” input voltage P4,-P47, P5o-P5z, P6y-P6; 


Vcc 
Vss 
Vee 
Via 
Vin 
Vin 
Vin 
Vin “H” input voltage RESET 
Vin 
Vit 
Vin 
Vie 
Vin 
Vit 








“H” input voltage Xin, Xcin 





“L” input voltage P2,-P27 
“L” input voltage P4p 
“L” input voltage P4,-P47, P5o-P57, P69-P67 


Tv | “L” input voltage RESET 
Pv | “L” input voltage Xin, Xcin 
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RECOMMENDED OPERATING CONDITIONS (vVcc=4.0 to 5.5V, Ta=—10 to 85°C, unless otherwise noted) 


Symbol Parameter 
5| “H” total peak output current POQo-P07, P19-P17, 
prtpeak (Note 1) P29-P27, P3p-P37 


“H” total peak output current P4,-P47, P69-P65 


5 “L” total peak output current P2,-P27, P4,-P4z, 
sai P5o-P57, P61-P67 


lor(peak)| “L” total peak output current P6o mA 
A 


5 “H” total average output current PQ9-P07, P1o-P17,  ~ 120 
= m 
CHtaNg) (Note 1) P24-P27, P39-P37 


> low( avg) | “H” total average output current P4,-P47, P69-P67 P| 80 | mA 


“L” total average output current P24-P27, P4,-P4z, 
2 lov(avg) 50 mA 
P5o-P57, P6,-P67 


> lo.(avg) | “L” total average output current P6 


, “H” peak output current PO9-PQ7, P1p-P17, P29-P23, 40 ‘x 
= m 
outpeak) P39-P3, (Note 2) 


“H” peak output current P24-P27, P4,-P47, P69-P67 
“L” peak output current P2,-P27, P6,-P67 
“L” peak output current P4,-P47, P59-P57 


lo.(peak)} “L” peak output current P6o 


, “H” average output current PQo-P07, P19-P17, P29-P2s3, 
ee (Note 3) P39-P3; 

“H” average output current P2,4-P27, P4,-P4,, 
lon(avg) PEg-P6, 


“L” average output current P2,-P27, P6,-P67 
lo.cavg) | “L” average output current P4,-P47, P59-P57 


lotcavg) | “L” average output current P6 
f(CNTR) | Clock input frequency for timer 4 (duty cycle 50%) 
f(Xin) Main clock input oscillation frequency (Note 4) 


f(Xcin) Sub clock input oscillation frequency (Note 4, 5) 32. 768 


Note 1. The total output current is the sum of all the currents flowing through all the applicable ports The 
total average current Is an average value measured over 100ms. The total peak current Is the peak 
value of all the currents 

The peak output current is the peak current flowing in each port. 

The average output current in an average value measured over 100ms 

When the oscillation frequency has a duty cycle of 50% 

When using the microcomputer in low-speed operation mode, make sure that the sub clock’s input 
frequency f(Xciy) is less than f(Xiy)/3 





Limits 
Typ 


Unit 


Pa 







—240 mA 


mA 









3 
> 


Ww 
io) 
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: 
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ELECTRICAL CHARACTERISTICS (Vec = 4.0 to5.5V, Ta = —10 to 85C, unless otherwise noted) 


“H” output voltage PO -P07, P19-P17, P29-P23, 
P39-P37 
“H” output voltage P24-P27, P4,-P47, P69-P67 


“L” output voltage P2,4-P27, P4,-P47, P59-P5z, 
loL-=10mMA 
P6;-P67 


“L” output voltage P6 loL=1.5mA 


Hysteresis INTo-INT2, Sint, Sinz, Scix1, Sctk2, CNTR When using a non-port function 
Hysteresis RESET, Xin RESET : Voc=2. 8V to 5. 5V 


Hysteresis Xcin 


Symbol 





< 
Q 
3) 
| 

Nh 

o 


Vou lon=—18MA 






lox=—1O0MA 


< 
Q 
ro) 
hp 
oO 


Vou 
Voi 
Voit 





Vr+—Vr— 
Vr4+—Vr— 
Vr+—Vr— 




















“H” input current P24-P27, P4,-P47, P59-P57, P69-P67 Vi=Voc 

“H” input current RESET, Xcin Vi=Voc 

“H” input current Xin Vi=Veco 

hie “L” input current P2,4-P27, P4,-P47, P5o-P57, P69-P67 Vi=Vss 
hie “L” input current RESET, Xcin Vi=Vss 
L “L” input current Xin Vi=Vss 





Vee=Voc—36V, 


lLoap Output load current PO9-P07, P19-P17, P29-P23, P39-P37 | VoL=Vcc, 150 





With output transistors off 
Vee=Voc—38V, 


Output leakage current PO 9-P07, P19-P17, P29-P23, 
p g lo U7 o-Fl7 o7 P23 Vot=Voo—38V, 


ae P39-P37 


Vram RAM hold voltage 
In high-speed operation mode 
f(Xiy) =4MHz 

f(Xcin) =32kHz 


Output transistors off 











Comparator operating 

In high-speed operation mode 
f( Xin) =4MHz (in WIT state) 
f(Xcin) =32kHz 

Output transistors off 








Comparator stopped 
In low-speed operation mode 
f(Xiy) = stopped, f(Xcin) =32kKHz 
Low-power dissipation mode set 
(CMs=0) 

Output transistors off 


loc Power supply current 


In low-speed operation mode 
f(Xin) = stopped 

f(Xcin) =32kHz (in WIT state) 
Low-power dissipation mode set 
(CMs=0) 

Output transistors off 








“ 





All oscillation stopped 


(in STP state) 
Output transistors off 
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Typ 


S};2}9 
o;,oyh 
Oo; N 
or; © 
R 
b <i<cic(<i oo < 


a 
>) 


500 


With output transistors off (Except for reset) 
When clock ts stopped 2.0 


60 





| 
ones 
° 


900 











200 


40 








Unit 


g 


pe 
>\|> 


afo| fen 
O/|}O ro) 
cs 8 
> >| >|> 


i. 


is 
_ > 


MA 


mA 


mA 


LA 


uA 
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COMPARATOR CHARACTERISTICS 


(Voc=4. 0 to 5. 5V, Vss=0V, Ta=—10 to 85°C, high-speed operation mode, f( X;)=500kHz to 4MHz unless otherwise noted) 


Resolution 


Absolute accuracy 
Toonv Conversion time 


hha Analog port input current 


Ruiaoper | Ladder resistor 





TIMING REQUIREMENTS. (Vcc =4.0 to 5.5V, Vsg = OV, Ta = —10 to 85°C, unless otherwise noted) 


ee 


tWH(CNTR) CNTR input “H” pulse width 
twe(cntr) CNTR input “L” pulse width 
tWwHCNT) INTo-INT> input “H” pulse width 
twLOUNT) INTo-INT2 input “L” pulse width 








te(scik) Serial clock input cycle time 





tWH(ScLK) Serial clock input clock “H” pulse width 


tWL(scLk) Serial clock input clock “L” pulse width 
tsu(scik-Sin) | Serial input setup time 
thiscik-Sin) Serial input hold time 









Symbol Test conditions 


Parameter 


twH(SciKk) Serial clock output “H” pulse width t¢/2—160 PEs 


twecsc.k) Serial clock output “L” pulse width C_=100pF, RL=1k te/2—160 ee 

td Soux—Sour) = aE ARRAN baile Muee KC 
tviscix-Sour) | Sertaloutputhoidtime | 

thisox) __| Serial clock output falltime | C= 100pF,R=1kKO | | 


P-channel high-breakdown voltage output rise time _ og 
trcech-strg) (Note 1) C_=100pF, Vee=Vecc—36V 55 


P-channel high-breakdown voltage output rise time _ _ 
tr(Pch-weak) (Note 2) CL.=1 OOpF, VeeE= Voc 36V 1.8 








C_=100pF, R.=1 kO 

















Note 1. When bit 0 of the high-breakdown voltage port control register (address 0038,,¢) 1s at “0” 
2. When bit 0 of the high-breakdown voltage port control register (address 0038¢) is at “1” 
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P-channel 


Serial clock output 


port output port 





Fig. 41. Output switching characteristics measurement circuit 
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Timing Chart 


CNTR 


tWHCUNT) twL(iNnT) 


tw( RESET) 


0. 8V 











Xin 
XcIN 
te(soik) 
tf twu(sork) tr tWH(SoLk) 
Scik 
thisciK—Sin) 

QOWODPOOKK KKK M.D KKK KKK K KK 

i RRR KRRRRRRY, 0. 2¥ec PRRRKRRRRRKR ERK 


tvseix—Sour) 


. KD 
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DESCRIPTION 

The M8817x group is made up of 8-bit microcomputers 
based on the MELPS 740 core. 

The M3817x group is designed mainly for VCR timer/func- 
tion control, and include six 8-bit timers, a fluorescent dis- 
play automatic display circuit, a PWM function, and an 8- 
channel A-D converter. 

The various microcomputers in the M3817x group include 
variations of internal memory size and packaging. For de- 
tails, see the section on part numbering. 

For details on availability of microcomputers in the M381 7x 
group, see the section on group expansion. 


FEATURES 
@ Basic machine-language instructions :**::+::77 sss sre7 71 
@ Instruction execution time errr rrr eee ee ee ee ee ae 0.63us 


(shortest instruction at 6.3MHz oscillation frequency) 
@ Memory size 

= @) \V eee ceo 4K to 32K bytes 

RAM SOrererrrrrrrerrrr rr rrr eee ee eee ee ee ee 192 to 1024 bytes 
@ Programmable input/output ports «sos steer 45 
@ High-breakdown-voltage output ports -:'ssss ser 32 
@ Interrupts Pitre ee 18 sources, 15 vectors 


P87/SEG7 
P8.6/SEGe 
P8s5/SEGs5 
P8,4/SEG,4 
P83/SEG3 
P82/SEGo 
P8,/SEG, 
P89/SEGo 
Vcc 

VeE 

AVss 
VREF 
P77/AN7 
P76/ANg6 
P75/AN5 
P74/ANg 


e@ Timers meee mee rere merece tense ee sense ease eee eeseHeseees erate ere ree ar 8-bitX6 
© ‘Serial |/Ote esi Clock-synchronized 8-bit X 2 
(Serial 1/01 has an automatic data transfer function) 

@ PWM output fel] (010 | | ei 14-bitX 1 

8-bitX 1(also functions as timer 6) 

@ A-D converter TEETER OE RE Re ee 8-bitxX 8 channels 
@ Fluorescent display function 

Segments Liab Caen yuan Vea ige ena Semana nein cna a eewkene ewes 8 to 24 

Digits Or er ete Tee ee eee ee eee ee 4to 16 
@ 2 Clock generation circuit 

Clock (Xiw-Xour) oe Internal feedback amplifier 

Sub clock (Xcin-Xcour) °777"" Internal amplifier without feedback - 
e Supply VOItAgE "rrecr ett tern tesa tetaece eee eenterasenens 40 to 5.5V 
@ Low power dissipation 

In high-speed operation ROVE Te re ee ee oe 38mW 

(at 6.3MHz oscillation frequency) 

In low-speed operation -::-:1 sree 300uW 

(at 32kHz oscillation frequency) 
@ Operating temperature range « "sss 10 to 85°C 
APPLICATIONS 


VCRs, tuners, musical instruments, office automation, etc. 


P63/CNTR, + La! 


Xout 

XIN 
Xcout 
Xcin 
RESET 
P4/INTo 
P4,/INT; 


ia] 
8 
S| 
NO 
S| 
e= 


P46/T1 our _ 
P4, + 
P4,/INT, 
P4,/INT2 a 


P69/PWMp + 1a) 


P6,/PWM, 


Package type - 80P6N 
80-pin plastic molded QFP 
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FUNCTIONAL BLOCK DIAGRAM 


Sub Sub 
Clock Clock clock clock 
input output input output 


Xin Xout Xcin Xcour 





ESEOIENG C5X26) bbddss 
—-—__- POOOVIOE rs 


“) 
1/O port P8 —‘1/O port P7 > ‘VO port P6 port P6 


w 
a 
> 





Reset input 





RESET Voc 


CCOIDOCHONZ 
NaS ey 
\/O port P5 















Timer 6(8) 





P1(8) 


GOLOCOUS 44K45¥46) 47148) WW | 


Wuupar el port P1 Output per PO. port PO 


YALNUNWOQJONDIW SOW) LIES dIHO-ATINIS 


dnoiy XZTSEiN 


SUSALNMWODOYDIAW IHSISNSLIAW 
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PIN DESCRIPTION cae 


Vcc; Vss | Power supply Power supply inputs 4 0 to 5 5V to Vcc, and OV to Vss 


Applies voltage supplied to pull-down resistors of ports PO, P1, P2 and P3 


Function 


Alternate Function 





EE Pull-down power 


Input 














Vrer Analog reference Reference voltage input pin for A-D converter 
voltage 
AVss Analog power supply GND input pin for A-D converter Keep at the same potential as Vss 
RESET Reset input To reset the microcomputer, this pin should be kept at an “L” level for more than 2us under high-speed operating con- 
ditions In low-speed operation start mode, internal reset ts not released until the Xcin-Xcour clock has had time to sta- 


bilize 





Xin Clock input Input and output signals for the internal clock generation circuit It consist of internal feedback amplifier Connect a 
ceramic resonator or quartz crystal between the Xi and Xour pins to set the oscillation frequency If an external clock ts 


used, connect the clock source to the Xjy pin and leave the Xour pin open This clock ts used as system clock 


Clock output 


Xout 








Input and output signals for the internal sub clock generation circuit It consist of internal amplifier without feedback 


XcIn Sub clock input 
Connect a ceramic resonator or quartz crystal and external feedback resistor between the Xcin and Xcour pins If an ex- 
ternal clock is used, connect the clock source to the Xcin pin and leave the Xcour pin open This clock can also be 
Xcout Sub clock output used as the system clock 





P0./SEG;.¢/ | Output port PO An 8-bit output port The output structure is high- | FLD automatic display pins 








DIGo- breakdown-voltage P-channel open drain with Internal 
P07/SEGo3/ 3 pull-down resistors connected between the output and the 
DIG7 Vee pin Are “L” at reset 










P1,/DIGs- 
P1,/DIGis 


Output port P1 An 8-bit output port with the same function as port PO FLD automatic display pins 





it 








An 8-bit CMOS I/O port An I/O direction register allows each pin to be individually programmed as either input or out- 
put At reset this port ts set to Input mode The input levels are TTL compatible 

3) + 
An 8-bit output port with the same function as port PO FLD automatic display pins 


P29-P27 1/O port P2 






















P3./SEG3-' 
P37/SEGi5 


——+ 
P4,/INTo Input port P4 A 1-bit CMOS input pin External interrupt input pin 


P4,/INT,- | 1/O port P4 


Output port P3 











A 7-bit CMOS I/O port with the same function as port P2, | External interrupt input pins 
with CMOS compatible input levels 


P4,/INT4 











P45 








P4.6/T1 our, Timer output pin 
P5o/Sin1, 
P5,/Soutt; 


I/O port P5 An 8-bit 1/O port with the same function as port P2 The | Serial 1/01 1/O pins 


output structure of this port is N-channel open drain, and 


P52/Seiki1, 
CS/Scrxiz2 


P54/Sina; 
P5s/Souta: 
P56/Scxka, 
P57/Srpye 
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the input levels are CMOS compatible 
Keep the input voltage of this port between OV and Vcc 


Serial 1/02 1/0 pins 
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PIN DESCRIPTION 


Ez 
P65/PWM,g | !/O port P6 A 6-bit CMOS I/O port with the same function as port P2, | 14-bit PWM output pin 
with CMOS compatible input levels. 
P6,/PWM, 8-bit PWM output pin 


P62/CNTRo, Event counter input pins 
P63/CNTR, 


P64, P65 
P7o/ANo- 1/O port P7 An 8-bit CMOS I/O port with the same function as port P2, | A-D converter input pins 
P77/AN7 with CMOS compatible input levels. 


P8,/SEGo- | I/O port P8 An 8-bit I/O port with the same function as port P2. The | FLD automatic display pins 
P87/SEG;7 output structure of this port is P-channel open drain, and 

the input levels are CMOS compatible. Please note that 

this port does not have internal pull-down resistors. 
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PART NUMBERING 


Product name M3817 0 M X - XXX FP 


Mes Package type 


FP : 80P6N package 
FS : 80D0 package 


ROM number 
Omitted in some types 


ROM/PROM size 
: 4096 bytes 
> 8192 bytes 
: 12288 bytes 
: 16384 bytes 
: 20480 bytes 
: 24576 bytes 
: 28672 bytes 
- 32768 bytes 


The first 128 bytes and the last two bytes of ROM are reserved areas; they cannot be used 


Memory type 
M : Mask ROM version 
E : EPROM or one-time programmable version 


RAM size 
192 bytes 
: 256 bytes 
384 bytes 
- 512 bytes 
640 bytes 
768 bytes 
* 896 bytes 
1024 bytes 


N Ooh WD — © 








2—164 MITSUBISHI 
k ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M3817x Group 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





GROUP EXPANSION 

Mitsubishi plans to expand the M3817x group as follows: 

(1) Support for mask ROM, one-time programmable, and 
EPROM versions 


(2) ROM/PROM Size vr 16K to 32K bytes 
RAM Sizer cr 384 to 640 bytes 
(3) Packages 
80P6N pie 2e BIS6 WS Siree8i'e ore. 018 [054 (aie. wie 0 Helier eiere o.0 eer ee'e-ae Plastic molded QFP 
310) D) 0 Ree Window type ceramic LCC 


Memory Expansion Plan 
ROM size (bytes) New prod = 


uct _ 
S26 oe ee | M38174M8/E8 


28K 


24K 


20K 


16K 


12K 


8K 





RAM size (bytes) 


The development schedule and other details of products under development may be revised without notice 


Currently supported products are listed below. As of March 1992 


| Productname __|(P) ROM size (bytes)| RAM size (bytes) | Package Remarks 
M381 73M6-XXXFP Mask ROM version 


M381 73E6-XXXFP : 80P6N | One-time programmable version 
M381 73E6FP One-time programmable version (blank) 
M38173E6FS EPROM version 


M38174M8-XXXFP Mask ROM version 
M381 74E8-XXXFP One-time programmable version 








M38174E8FP One-time programmable version (blank) 


One-time programmable version 
(High-speed operation start version) 
| -t 
M38174E8HEP ue ime programmable version (blank) 
(High-speed operation start version) 
M38174E8FS EPROM version 


M381 74E8HXXXFP 
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FUNCTIONAL DESCRIPTION CPU MODE REGISTER 
CENTRAL PROCESSING UNIT (CPU) The CPU mode register is allocated to address 003B4.. 
Microcomputers of the M3817x group use the standard Bits O and 1 of this register are processor mode bits and 


MELPS 740 instruction set. Refer to the table of MELPS should always be set to “0”. 
740 addressing modes and machine instructions or the The CPU mode register contains the stack page selection 
MELPS 740 Software Manual for details on the instruction bit. 


set. For details of the Xcoyr drivability selection bit, main clock 
Machine-resident MELPS 740 instructions are as follows: stop bit, and internal system clock selection bit, see the 
The FST and SLW instructions are not available for use. section on the clock generation circuit. 


The STP, WIT, MUL and DIV instructions can be used. 


CPU mode register (CPUM : address 003B,.) 


Processor mode bits 
bib0 
0 0 : Single-chip mode 
0 1 ‘ Donot use 
10 : Do not use 
1 1 : Do not use 
Stack page selection bit 
Q : RAM in the zero page ts used as stack area 
1 : RAM in page 1 is used as stack area 
Xcour Arivability selection bit 
0 : Low drive 
1 : High drive 
Main clock (Xin-Xour) stop bit 
0 : Operating 
1 : Stopped 
Internal system clock selection bit 
0 : Xw-Xour selected (high-speed operation mode) 
1 : Xoin-Xcour selected (low-speed operation mode) 





Fig. 1 Structure of CPU mode register 
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MEMORY * Zero Page 
¢ Special Function Register (SFR) Area The 256 bytes from addresses 00001, to OOFF,, are cal- 
The Special Function Register area contains registers led the zero page area. The internal RAM and the spe- 
which control functions such as I/O ports and timers, and cial function registers (SFR) are allocated to this area. 
is located in the zero page area. The zero page addressing mode can be used to specify 
« RAM memory and register addresses in the zero page area. 
RAM is used for data storage as well for stack area. This dedicated zero page addressing mode enables ac- 
*ROM cess to this area with only 2 bytes. 
The first 128 bytes and the last two bytes of ROM are re- * Special Page 
served for device testing and the rest is user area for The 256 bytes from addresses FF00,, to FFFFi¢ are cal- 
storing programs. led the special page area. The special page addressing 
¢ Interrupt Vector Area mode can be used to specify memory addresses in the 
The interrupt vector area contains reset and interrupt special page area. This dedicated special page addres- 
vectors. sing mode enables access to this area with only 2 bytes. 


RAM capacity Address XXXX4¢ FLD automatic display RAM area 


(bytes) 


= sees ia 
256 013Fi¢ Sertall/Oautomatictransfer RAM area 


384 01BFi6 


512 023Fi6 


640 02BFi¢ 
768 033F 16 
O3BF 16 
| 1024 | 4g Reserved area 








ROM area 
ROM capacity 


poetener er Not used 
(bytes) Ss 16 | Address ZZ2ZZ16 











Reserved ROM area 
(common ROM area, 128 bytes) 




















Special 
Interrupt vector area page 


Reserved ROM area 





Fig. 2 Memory map diagram 
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Port PO (PO) 


Port P1 (P1) 
Port P2 (P2) 
Port P2 direction register (P2D) 
Port P3 (P3 


( 

) 
| Port P4 direction register (P4D) 
Port P5 (P5) 
Port P5 direction register (P5D) 
Port P6 (P6) 
Port P6 direction register (P6D) 
Port P7 (P7) 
Port P7 direction register (P7D) 


Port P8 (P8) 
Port P8 direction register (P8D) 





Serial |/O automatic transfer data pointer (SIODP) 
Serial |/O1 control register (SIO1CON) 


Serial /O automatic transfer control register (SIOAC) 

Serial 1/01 register (S101) 

Serial |/O automatic transfer interval register (SIOAI) 
| Serial 1/02 control register (SIO2CON) 


Serial 1/O2 register (SIO2) 





Fig. 3 Memory map of special function register (SFR) 


VO PORTS 


e Direction Registers 





The M3817x group microprocessors have 45 programm- 
able I/O pins arranged in six I/O ports (ports P2 and P4 
to P8). The !/O ports have direction registers which de- 
termine the input/output direction of each individual pin. 
Each bit in a direction register corresponds to one pin, 


each pin can be set to be input or output. 


When “0” is written to the bit corresponding to a pin, that 
pin becomes an input pin. When “1” is written to that bit, 


that pin becomes an output pin. 


If data is read from a pin which is set for output, the value 
of the port output latch is read, not the value of the pin it- 
self. Pins set to input are floating. If a pin set to input is 
written to, only the port output latch is written to and the 


pin remains floating. 


Timer 2 (T2) 
Timer 3 (T3) 
Timer 4 (T4) 
Timer 5 (T5) 


Timer 6 (T6) 


Timer 6 PWM register (T6PWM) 
Timer 12 mode register (T12M) 
Timer 34 mode register (T34M) 
Timer 56 mode register (T56M) 
PWM control register (PWMCON) 
PWM register (upper) (PWMH) 
PWM register (lower) (PWML) 


A-D control register (ADCON 
A-D conversion register (AD) 


Port PO segment/digit switching register (POSDR) 


Port P1 digit/port switching register (P1DPR) 
Port P8 seq ister (P8SPR) 
FLDC mode register (FLDM) 

FLD data pointer (FLDDP) 
High-breakdown-voltage port control register (HVPC) 


Interrupt edge selection register (INTEDGE) 
CPU mode register (CUPM) 

Interrupt request register 1 (IREQ1) 
Interrupt request register 2 (IREQ2) 
Interrupt control register 1 (ICON1) 
Interrupt control register 2 (ICON2) 











High-Breakdown-Voltage Output Ports 

The M3817x group microprocessors have four ports with 
high-breakdown-voltage pins(ports PO, P1, P3, P8). The 
high-breakdown-voltage ports have P-channel open drain 
output with a breakdown voltage of Vcc — 40V. Each pin 
in Ports PO, P1, and P3 has an internal pull-down resistor 
connected to Ver. Port P8 has no internal pull-down resis- 
tors and external resistors should be used if necessary. 
At reset, the P-channel output transistor of each port latch 
is turned off, so it is forced to the level of Vee by the pull- 
down resistor. 

Writing “1” to bit O of the high-breakdown-voltage port 
control register(address 0038,,)slows the transition of the 
output transistors to reduce transient noise. At reset, bit 0 
of the high-breakdown-voltage port control register is set 
to “0” (strong drive). 
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Diagram 
Input/Output 1/O Format Non-Port Function Related SFRs Kio 


FLDC mode register 












High-breakdown- 
























































P0./SEGi6/ Segment/digit 
voltage P-channel ! . 
DIGo- FLD automatic switching register 
Port PO open-drain output } (1) 
P0O7/SEGo3/ display function High-breakdown- 
with pull-down 
DIG, voltage port control 


resistor 
register 


FLDC mode register 
High-breakdown- 
voltage port control 
register 
FLDC mode register 
Digit/port switching 






















P1,/DIGe- 
P13/DIG,, 












High-breakdown- 
voltage P-channel 
Port P1 Output open-drain output 
with pull-down 


FLD automatic 
display function 






P1,/DIG42- 
P17/DIGis 


register 





resistor : 
High-breakdown- 


voltage port control 







register 









Input/output, 
individual bits 


TTL level input 
CMOS 3-state output 


Port P2 



















High-breakdown- 


FLDC mode register 
voltage P-channel 






P39/SEGs- Port P3 ; FLD automatic High-breakdown- 
open-drain output (5) 
P37/SEGis5 : display function voltage port control 
with pull-down 
register 





resistor 


CMOS level tnput 















External interrupt Interrupt edge 
P4,/INTo 


input 





selection register 
External interrupt Interrupt edge 
input 








P4,/INT,- 
P4,/INT. 
P4. 








selection register 









Input/output, 








individual bits CMOS 3-state output : ; 
P4.6/Tlour, Timer 12 mode register 
Timer output (8) 
1 P47/T30ur Timer 34 mode register 
P50/Sina; Serial 1/01 control (9) 
P5,/S ; register 
Reve ts Serial |1/O1 function 2 ; (10) 
P52/Scik1; VO Serial 1/O automatic 
P53/Srpyi/ CMOS level input transfer control 
CS/S Port P5 di ccaciaecaas N-channel regist am) 
fe) -channe egister 
CuKI12 individua! bits a g 





P54/Sina, 
P5s/Souta, 
P56/Scrka; 
P57/Srpve2 


P6o/PWMo 


2 


open-drain output 











Serial I/O2 function Serial 1/O2 control 
I/O register 


‘ls 
Oo 








PWM control register 
PWML register 
PWMH register 














14-bit PWM output (12 


~~ 























Input/output, CMOS level input Timer 56 mode register 
P6,/PWM, oay 8-bit PWM output ; 
individual bits CMOS 3-state output Timer6 PWM register 


P62/CNTRo, 
P62/CNTR, 










External count input 


Interrupt edge 
selection register 
Ere ei ree oC 


P7o9/ANo- Input/output, CMOS level input ; 
Port P7 ; ; : A-D converter input | A-D control register (13) 
P77/AN7 individual bits CMOS 3-state output 


CMOS level input FLDC mode register 
Port P8 


Note. Make sure that the input level at each pin is either OV or Vcc during execution of the STP instruction 
If an input level is at an intermediate potential, a current will flow in the input-stage gate 


= = 
Ni ©O = 
~~ — — 


( 
( 





































High-breakdown- ‘ Segment/port 
P89/SEGo- input/output, voltage P-channel FLD automatic switching register a4 
P87/SEG7 individual bits open-drain output display function High-breakdown- 


without pull-down voltage port control 


resistor registor 
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(1) Port PO (2) Port P19-P13 


Shift signal from previous stage 


. . 
, 
2 


— switching — 
4 






Blanking 
register 


a * Data bus 


Data bus 


Local data 
bus 





) Shift signal to next stage Vee 
Shift signal to next stage Vee 
(3) Port P1 4-P17 


Shift signal from previous stage 
(4) Port P2, P45, P64, P65 





Data bus 
Data bus 
Blanking 
register 
Shift signal to next stage Vee 

(5) Port P3 (6) Port P4, 
Local data 
bus Data bus —____<j-— 


Data bus 


INT) interrupt 
request 





(7) Port P4,-P4,4, P62, P63 (8) Port P4,, P47, P6; 
Timer 1 output selection bit 
Timer 3 output selection bit 
Timer 6 output selection bit 









Data bus 
Data bus 





INT,-INT, interrupt request 
CNTRo, CNTR, or timer 4 
external clock input 


Timer 1 output selection bit 
Timer 3 output selection bit 
Timer 6 output selection bit 


* : High-breakdown-voltage P-channel transistor 


Note. The dimmer signal sets the Toff timing 


Fig. 4 Port block diagram (1) 
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(9) Port P50, P5, (10) Port P5;, P55, P5s, P55 


Direction Output-off control signal 
register Serial |/O port selection bit 





Data bus 
Data bus 





Serial clock input 


(11) Port P53, P5, P5., P5, only 
Sarpy Output selection bit 






(12) Port P65 


PWM output enable bit 


Data bus 





| CS input 
eee, Aout: yeu ee al 


P53 only 






PWM output 





ge Ones (14) Port P8 


Data bus 
Local data 
bus 


Data bus 





A-D converter input 





* | High-breakdown-voltage P-channel transistor 


Note, 
Note The dimmer signal sets the Toff timing 


Fig. 5 Port block diagram (2) 
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INTERRUPTS 

A total of. 18 source can generate interrupts: 5 external, 12 

internal, and 1 software. 

e Interrupt Control | 
Each interrupt is controlled by its interrupt request bit, its 
interrupt enable bit, and the interrupt disable flag except 
for the software interrupt set by the BRK instruction. An 
interrupt is generated if the corresponding interrupt re- 
quest and enable bits are “1” and the interrupt disable 
flag is “O”. 
interrupt enable bits can be set or cleared by software. 
Interrupt request bits can be cleared by software, but 
cannot be set by software. 
The | flag disables all interrupts except for the BRK in- 
struction interrupt. 


Table 1. Interrupt vector addresses and priorities 












Vector Address (Note 1) 
Low 
FFFCi6 










Interrupt Cause Priority 


Reset (Note 2) 





| INTo FFFAi6 
INT2 4 FFF7 16 


FFF61¢ 











































Sena vo auonasl 2 FFF E516 EEF Ale 
tic transfer 
| Serial 1/02 a 6 FFFSi¢6 FFF2i¢ 
Timer 1 we FFF 146 FFFOig © 
Timer 2 8 FFEFi6 FFEE.¢ 
Timer 4 FEA 
| FFE94,6 FFE8i6 
FFE7i¢6 
FFE5i6 FFE416 
























FFE1i6 FFEQi6 









FLD digit 





| BRK instruction 


FFDDie _ FFDCie 


Note 1. Vector addresses contain interrupt jump destination addresses 





FFE6i¢ At timer 6 overflow 
At detection of either rising or | External interrupt (active edge 


Cem mm eer wwe eraser eceseeres eeeeereses eee oe 


Beem eee mame rarer eserererarerersresesesesesee lee coe 








* Interrupt Operation 
When an interrupt is received, the program counter and 
processor status register are automatically pushed onto 
the stack. The interrupt disable flag is set to inhibit other 
interrupts from interfering. The corresponding interrupt 
request bit is cleared and the interrupt jump destination 
address is read from the vector table into the program 
counter. 

* Notes on Use 
lf you will change interrupt edge selection from rising 
edge to falling edge, interrupt request bit will be set to 
“1” automatically. Therefore, please make following pro- 
cess; 

(1) Disable INT which is selected. 


(2) Change INT edge selection. 
(3) Clear interrupt request which is selected. 
(4) Enable INT which is selected. 
















Interrupt Request 
' E q Remarks 


Non-maskable 


External interrupt (active edge 
selectable) 

External interrupt (active edge 
selectable) 
External interrupt (active edge 
selectable) 

Valid when serial I/O normal 
mode is selected 


Generation Conditions 
At reset 









At detection of either rising or 
falling edge of INTo input 
At detection of either rising or 
falling edge of INT, input 
At detection of either rising or 
falling edge of INT2 input 













At end of data transfer 


me mee Bama e emer e mene SH eee meHesrese nee ses leer eseneneseressrerereeeeereneseeeeer Foneeseouse 









Valid when serial I/O automa- 
tic transfer mode is selected 


At end of final data transfer 





At end of data transfer 
At timer 1 overflow 









STP release timer overflow 


aga aera 


At timer 2 overflow 
At timer 3 overflow 





At timer 4 overflow 
At timer 5 overflow 


falling edge of INT3 input selectable) 
At detection of either rising or 


falling edge of INT, input 





External interrupt valid when INT, inter- 
rupt is selected (active edge selectable) 


Ce 












At end of A-D conversion 
selected 


Valid when FLD blanking tnter- 
rupt is selected 















At fall of final digit 


Peewee reece ee cease cere sne ane aeveree 


Valid when FLD digit interrupt 
is selected 







At rise of each digit 








At BRK instruction execution Non-maskable software interrupt 





2. Reset function in the same way as an interrupt with the highest priority 
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Interrupt request bit 
Interrupt enable bit 


Interrupt disable flag(1) 


BRK instruction 
Reset 


Fig. 6 Interrupt control 


Interrupt edge selection register 
(INTEDGE : address 003Aj.) 


INTp active edge select bit 
INT, active edge select bit 
INT, active edge select bit 
INT; active edge select bit 
INT, active edge select bit 
INT,/A-D conversion > INT, interrupt 
interrupt switching bit : A-D interrupt 


: Falling edge active 
: Rising edge active 


CNTR, active edge select bit : Count at rising edge 
CNTR, active edge select bit - Count at falling edge 


Interrupt request register 1 
(IREQ1 : address 003C¢) 


INT) interrupt request bit 
INT, interrupt request bit 
INT» interrupt request bit 


Serial 1/01 interrupt request bit, or 
Serial 1/O automatic transfer 
interrupt request bit 





Serial |/O2 interrupt request bit 
Timer 1 interrupt request bit 
Timer 2 interrupt request bit 





Interrupt request 


Interrupt request register 2 
(IREQ2 : address 003D,¢) 


Timer 4 interrupt request bit 
Timer 5 interrupt request bit 
Timer 6 interrupt request bit 
INT3 interrupt request bit 


INT, interrupt request bit, or 
A-D conversion interrupt request bit 


FLD blanking interrupt request bit, or 
FLD digit interrupt request bit 
Not used (returns “O” when read) 


Timer 3 interrupt request bit 0 : No interrupt request issued 
1 : Interrupt request issued 


Interrupt control register 1 
(ICON1 : address 003E1.) 


INT interrupt enable bit 
INT, interrupt enable bit 
INT. interrupt enable bit 


Serial 1/O1 interrupt enable bit, or 
Serial |/O automatic transfer 
interrupt enable bit 


Serial |/O2 interrupt enable bit 
Timer 1 interrupt enable bit 
Timer 2 interrupt enable bit 
Timer 3 interrupt enable bit 


Interrupt control register 2 
(ICON2 : address 003F 1.) 


Timer 4 interrupt enable bit 
Timer 5 interrupt enable bit 
Timer 6 interrupt enable bit 
INT interrupt enable bit 


INT, interrupt enable bit, or 
A-D conversion interrupt enable bit 


FLD blanking interrupt enable bit, or 
FLD digit interrupt enable bit 

Not used (returns “0” when read) 
Not used 

(do not write “1” to this bit) 


0 : Interrupts disabled 
1 : Interrupts enabled 





Fig. 7 Structure of interrupt-related registers 
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TIMERS 
Microcomputers of the M3817x group have six built-in 
timers. The timers count down. Once a timer reaches 0046, 
the next count pulse loads the contents of the correspond- 
ing timer latch into the timer, and sets the corresponding 
interrupt request bit to 1. Each timer also has a stop bit that 
stops the count of that timer when it is set to “1”. 
Note that the system clock ¢can be set to either high- 
speed mode or low-speed mode by the CPU mode reg- 
ister. 
¢ Timer 1 and Timer 2 
The count sources of timer 1 and timer 2 can be selected 
by setting the timer 12 mode register. 
Timer 1 can also output a rectangular waveform from the 
P4./Tlour pin. The waveform changes polarity each time 
timer 1 overflows. 
The active edge of the external signal CNTR, can be set 
by the interrupt edge selection register. 
When the chip is reset or the STP instruction is executed, 
all bits of the timer 12 mode register are cleared, timer 1 
is set to FF,s, and timer 2 is set to 014. 


Timer 3 and Timer 4 

The count sources of timer 3 and timer 4 can be selected 
by setting the timer 34 mode register. 

Timer 3 can also output a rectangular waveform from the 
P4,/T3our pin. The waveform changes polarity each time 
timer 3 overflows. 

The active edge of the external signal CNTR, can be set 
by the interrupt edge selection register. 


Timer 5 and Timer 6 

The count sources of timer 5 and timer 6 can be selected 
by setting the timer 56 mode register. 

Timer 6 can also output a rectangular waveform from the 
P6,/PWM, pin. The waveform changes polarity each time 
timer 6 overflows. 


Timer 6 PWM, Mode 

Timer 6 can also output a rectangular waveform of n 
cycles high and m cycles low. The n is the value set in 
timer latch 6 (address 0025,,) and m is the value in the 
timer 6 PWM register (address 0027,,). If n is “0”, the 
PWM, output is “L”, if m is “O” and n is not “O”, then the 
PWM, output is “H”. In PWM mode, interrupts are gener- 
ated at the rising edge of the PWM, output. 
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Data bus 









Timer | : 
: count | [Timer 1 fateh (8) RESET 
ee > Internal system source omen latch (8) RESET 
















ua» | clock selection | “1” selection bit ag G 
1 4 bit Q_. SSTimer 1 ari = oy esc 
x ° 1/16 6 TLE imer | interrupt reques 
IN “Q” : 2 
“Q” Timer 1 ee ae 
count stop 4 





P4./T lout ( ) C | gi P4, latch bit 


4 


Timer 1 output 
selection bit 


P4, direction register 


Timer 2 latch (8) 


selection bit 









Timer 2 interrupt request 





“49” Timer 2 
count stop 


Rising/falling 
P62/CNTRo CE = edge switch 














Timer 3 latch (8) 


Timer 3 interrupt request 





“O" ‘Timer 3 
count stop bit 


P4;/T3o0ur © S| Be P4, latch 
4 


Timer 3 output 
selection bit 


P4, direction register 


Rising/fallin 
ree GO) > Sage “mitch, 








Timer 4 
count 


Timer 4 latch (8) 
source : 


selection bit ae 


RIA, 


“10” Timer 4 
count stop 
bit 













Timer 4 interrupt request 




















Timer 5 
count 


coiress. | (himier 2 latch (8) 


"selection bit i> 













Timer 5 interrupt request 






Timer 5 = 
count stop bit 


Timer 6 
count 

source re 
selection bit <9 











“01” 


“00"° : Timer 6 (8) > Timer 6 interrupt request 
“10” Timer6 “FT & anal 
count stopy 
bit 


Timer 6 PWM register (8) 


P6,/PWM; © Ct P6: latch 
<q oe 
0" oz 


Timer 6 output 
selection bit Timer 6 operation 


mode selection bit 


P6, direction register 


Fig. 8 Timer block diagram 
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Timer 12 mode register Timer 34 mode register 
(T12M : address 0028,¢) (T34M : address 00294) 


Timer 1 count stop bit Timer 3 count stop bit 
0 : Operating 0 : Operating 
1 : Stopped 1 : Stopped 
Timer 2 count stop bit Timer 4 count stop bit 
0 : Operating 0 : Operating 
1 : Stopped 1 : Stopped 
Timer 1 count source selection bit Timer 3 count source selection bit 
0 2 f(Xi) or f(Xow) divided by 16 0 : (Xj) or f(Xcon) divided by 16 
1: f(Xen) 1 : Overflow from timer 2 
Timer 2 count source selection bits Timer 4 count source selection bits 
bd b4 
> Overflow from timer 1 00 : f(Xi) or f(Xcin) divided by 16 
> f(Xeon) 0 1 : Overflow from timer 3 
: External count input CNTR» 1 0 : External count input CNTR, 
: Do not use 1 1 : Do not use 
Timer 1 output selection bit (P4._) Timer 3 output selection bit (P4,) 
0 : 1/0 port 0 : I/O port 
1 : Timer 1 output 1 : Timer 3 output 





Timer 56 mode register 
(T56M : address 002A;¢) 


Timer 5 count stop bit 
0 : Operating 
1 : Stopped 

Timer 6 count stop bit 
0 : Operating 
1 : Stopped 

Timer 5 count source selection bit 
0 : f(Xin) or f(Xoin) divided by 16 
1 : Overflow from timer 4 

Timer 6 operation mode selection bit 
0 : Timer mode 
1 | PWM mode 

— Timer 6 count source selection bits 

b5b4 
0 0 : f(Xw) or f(Xcin) divided by 16 
0 1 : Overflow from timer 5 
1 0 : Overflow from timer 4 
1 1 : Do not use 

Timer 6 (PWM,) output selection bit (P6,) 
0 : 1/0 port 
1 : Timer 6 output 





Fig. 9 Structure of timer-related registers 


Timer 6 
count source —~----—- | |] | |} >t dpe -—----- |} } | 7 PY td }ooo----n-O 
Timer 6 
nXts mXts 
(nt+m) Xtg 


PWM mode 
| y 


Timer 6 interrupt request Timer 6 interrupt request 





Note. If the value set in timer 6 1s n and the value set in the timer 6 PWM register is m, a PWM waveform with 
duty cycle n/(n+m) and period (n+m) Xtg 1s output (where is ts the frequency of the timer 6 count source) 


Fig. 10 Timing in timer 6 PWM, mode 
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SERIAL 1/O 

Microcomputers of the M3817x group have two built-in 8-bit 
clock synchronized serial |/O channels (serial |/O1 and se- 
rial 1/02). 

Serial 1/O1 has a built-in automatic transfer function.Normal 
serial operation can be set via the serial |/O automatic 
transfer control register (address 001Aij.). 


Main Local 
address bus address bus 


Address decoder Keae 


Xx 
ein © Internal 


system clock 74 


SI/O automatic 
transfer RAM 
(0100,, to 011 Fig 


Serial 1/02 can only be used in normal operation mode. 
The I/O pins of the serial |/O function also operate as I/O 
port P5, and their operation is selected by the serial I/O 
control registers (addresses 0019,, and 001D,.). 


Main data Local data 
bus bus _ 


SI/O automatic 


tr 


SI/O automatic 


ansfer data 
pointer 


Serial 1/O automatic 


transfer transfer interrupt request 


controller 


SI/O automatic transfer 
interval register 


“q” x selection bit 
© 


Xin Tae 


P53/Srapyi (Note) 


IGS/Seiies 


P5, latch 


0 SC12 
: 
1/2 {1 /4)1/8) 1/16 

O \O \O SC1, 


1/4 
Synchronization 
clock selection 
bit se? 
O 


Synchronization 
circuit 


Sapyi 


© 
Scrki2 


CS 


P5. latch 
“Q” y 
4 ' 


© 
“4” Serial 1/O counter 1 
Serial 1/01 port selection bit a 
a Serial I/O shift register 1(8) 7 


fy fExternal clock 


PS2/Seik11 3 Serial 1/01 
interrupt request 


“ ” 


| O<- P5, latch 


4 ” 
Serial 1/01 port selection bit 


P5,/Soutt 


P50/ Sint 


. S62 Frequency divider 


@ 

Synchronization {1/2 |1/4 1/8 J|1/16 
clock selection © O O C2 
bit “176 


Synchronizatio! 0 O 
circuit 7) 
External clock A “Q)” 
g 
P5, latch | 5 
g Serial 1/O counter 2(3) 


P57 latch 

“9” \ 

“4 ” e 
Sapy2 output selection bit 
«“Q” 5 

O 


ae i O 


O SC2, 


P57/Srpye2 Srpv2 


P5¢6/Scik2 © 


Serial 1/02 


Serial 1/O2 port selection bit interrupt request 


“0” P5, latch 


nan O 


P55/Soutz2 


Serial |/O2 port selection bit 
P54/Sinz O 


Serial |/O shift register 2(8) 


Note. Selection is by the synchronization clock selection bit, the Spgpy; output selection bit, and the serial !/O1 port selection bit of the serial 1/01 
control register, and the automatic transfer control bit and synchronization clock output pin selection bit of the serial |/O automatic transfer 
control register 





Fig. 11 Serial 1/O block diagram 
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(Serial I/O Control Registers) SIO1CON, SIO2CON 
Each of the serial 1/O control registers (addresses 00191 
and 001D;,.) contains seven bits that select various control 
parameters of the serial I/O function. 


Serial {/O1 control register (SIO1CON(SC1) : address 001946) 


Internal synchronization clock selection bits 
b2 bl b0 
000 :f(Xw) or f(Xcw) divided by 8 
> f(Xin) or f(Xcin) divided by 16 
> f(Xin) or f(Xcin) divided by 32 
> f(Xin) or f(Xcin) divided by 64 
> f(Xin) or f(Xcin) divided by 128 
> f(Xin) or f(Xcin) divided by 256 
Serial |/O1 port selection bit (P5,, P52, and P53") 
0 : 1/0 port 
1 Soutt, Scuki1, and Serxi2™ signal pins 
Srovi Output selection bit (P53) 
0 :1/0 port _ 
Po 1 : Srpyi/CS* signal pin 
Transfer direction selection bit 
0 : LSB first 
1 : MSB first 
Synchronization clock selection bit 
0 : External clock 
] =: Internal clock 





Seria! 1/O2 control register (SIO2CON(SC2) : address 001D;¢) 
Internal synchronization clock selection bits 


> (Xin) or f(Xoin) divided by 8 
ye (Xin) or (Xow) divided by 16 
> £(Xin) or f(Xcin) divided by 32 
> f(Xin) or f(Xcin) divided by 64 
> f(Xin) or f(Xcin) divided by 128 
> £(Xin) or f(Xein) divided by 256 
Serial 1/O2 port selection bit (P55 and P5.) 
0 : 1/0 port 
1 : Soure and Scixe signal pins 
Srpy2 output selection bit (P57) 
0 : 1/0 port 
| ae Srpye2 signal pin 
Transfer direction selection bit 
O : LSB first 


| 1 : MSB first 
Synchronization clock selection bit 


0 : External clock 
1 : Internal clock * 





* «Valid only in serial [/O automatic transfer mode 





Fig. 12 Structure of serial |1/O control registers 
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(1) Operation in Normal Serial I/O Mode 

Either an internal clock or an external clock can be 
selected .as the synchronization clock for serial 1/O 
transfer. A dedicated divider is built-in as the internal 
clock, giving a choice of six clocks. 

If internal clock is selected, transfer start is activated 
by a write signal to a serial I/O register (address 
001B,, or 001F,,). After eight bits have been transfer- 
red, the Sour pin goes to high impedance. 


Synchronization 
clock 


Transfer clock 


Serial |/O register 
write signal 


Serial |/O output 
Sout 


Serial I/O input 
IN 


Receive enable 
signal 
Sarpy 


If external clock is selected, the clock must be control- 
led externally because the contents of the serial I/O 
register continue to shift while the transfer clock is in- 
put. In this case, note that the Soy; pin does not go to 
high impedance at the completion of data transfer. The 
interrupt request bit is set at the end of the transfer of 
eight bits, regardless of whether the internal or exter- 
nal clock is selected. 





Interrupt request bit set 


Note. If internal clock is selected, the Sour pin is at high impedance 


after transfer ends 


Fig. 13 Serial I/O timing in normal mode (for LSB first) 


(2) Serial 1/O Automatic Transfer Mode 
The serial 1/01 function has an automatic transfer func- 
tion. For automatic transfer, switch to the automatic 
transfer mode by setting the serial |/O automatic trans- 
fer control register (address 001Aj,). 
The following memory spaces are added to the circuits 
used for the serial 1/O1 function in ordinary mode, to 
enable automatic transfer mode: 
* 32 bytes of serial |/O automatic transfer RAM 
* A serial !/O automatic transfer control register 
* A serial |/O automatic transfer interval register 
* A serial |/O automatic transfer data pointer 
When using serial I/O automatic transfer, set the serial 
I/O control register (address 0019;,¢) in the same way 
as for ordinary mode. However, note that if external 
clock is selected and bit 4 (the Sppy; output selection 
bit) of the serial 1/01 control register is set to “1”, port 
P5; becomes the CS input pin. 


(Serial 1/0 Automatic Transfer Control Register) 
SIOAC 

The serial 1/O automatic transfer control register (address 
001A,¢) contains four bits that select various control para- 
meters for automatic transfer. 





Serial |/O automatic transfer control register 
(SIOAC : address 001Ai,) 


Automatic transfer control bit 

0 : Ordinary serial mode 

(serial 1/O1 interrupt) 

1 : Automatic transfer mode 

(serial 1/O1 automatic transfer interrupt) 

Automatic transfer start bit 

0 : Transfer end 

1 : Transferring(start of 1 write) 

Transfer mode switching bit 

0 : Fullduplex(transmit and receive) 
mode 

1 : Transmit-only mode 

Synchronization clock output 

pin selection bit 


0: Scuk11 


1: Seiki 2 


Fig. 14 Structure of serial i/O automatic transfer 


control register 
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(Serial /O Automatic Transfer Data Pointer) SIODP 
The serial |/O automatic transfer data pointer (address 
0018,,) contains five bits that indicate addresses in serial 
I/O automatic transfer RAM (each address in memory is 
actually the value in the serial |/O automatic transfer data 
pointer plus 0100,,). 
Set the serial I/O automatic transfer data pointer to (the 
number of transfer data—1), to specify the storage position 
of the start of data. 
¢ Serial 1/O Automatic Transfer RAM 
The serial 1/O automatic transfer RAM is the 32 bytes 
from address 0100,, to address 011F4.. 





010016 
010116 
010246 




















011D16 
011F ig 














Fig. 15 Bit allocation of serial I/O automatic transfer RAM 


Sienrerel po 
a oe? ae a 


catia! 


Transfer clock 


Serial |/O output =o 
Sout 4901 XD0z ) 
Serial I/O input 
Sin 


1 byte data 


Fig. 16 Serial |1/O automatic transfer interval timing 


* Setting of Serial 1/O Automatic Transfer Data 
When data is stored in the serial |1/O automatic transfer 
RAM, it is stored with the start of the data at the address 
set by the serial I/O automatic transfer data pointer and 
the end of the data at address 01004¢. 


(Serial I/O Automatic Transfer Interval Register) 
SIOAI 

The serial 1/O automatic transfer interval register (address 
001C,,) consists of a 5-bit counter that determines the 
transfer interval Ti during automatic transfer. 

If a value n is written to the serial |1/O automatic transfer in- 
terval register, a value of Ti= (n+ 2) XTc is generated, 
where Tc is the length of one bit of the transfer clock. 
However, note that this transfer interval setting is only valid 
when internal clock has been selected as the clock source. 
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¢ Setting of Serial 1/O Automatic Transfer Timing 
Use the serial 1/01 control register (address 0019;,) and 
the serial I/O automatic transfer interval register 
(address 001C,,) to set the timing of serial 1/O automatic 
transfer. 
The serial !/O1 control register sets the transfer clock 
speed, and the serial |/O automatic transfer interval reg- 
ister sets the serial |/O automatic transfer interval. 
This setting of transfer interval is valid only when internal 
clock is selected as the clock source. 

¢ Start of Serial 1/O Automatic Transfer 
Automatic transfer mode is set by writing “1” to bit O of 
the serial 1/O automatic transfer control register (address 
001A,6), then automatic transfer starts when “1” is written 
to that bit. Bit 1 of the serial |/O automatic transfer control 
register is always “1” during automatic transfer; writing 
“Q” to it is one way to end automatic transfer. 

¢ Operation in Serial |/O Automatic Transfer Modes 
There are two modes for serial 1/O automatic transfer: full 
duplex mode and transmit-only mode. Either internal or 
external clock can be selected for each of these modes. 


Transfer direction selection bit 


Transfer clock 


Fig. 17 Serial 1/01 register in full duplex mode 


9 MITSUBISHI 
ELECTRIC 





(2.1) Operation in Full Duplex Mode 

In full duplex mode, data can be transmitted and received 
at the same time. Data in the automatic transfer RAM is 
sent in sequence and simultaneously receive data is written 
to the automatic transfer RAM, in accordance with the serial 
1/O automatic transfer data pointer. 

The transfer timing of each bit is the same as in ordinary 
operation mode, and the transfer clock stops at “H” after 
eight transfer clocks are counted If internal clock is 
selected, the transfer clock remains at “H” for the time set 
by the serial |/O automatic transfer interval register, then 
the data at the next address indicated by the serial I/O 
automatic transfer data pointer is transferred. If external 
clock is selected, the setting of the automatic transfer inter- 
val register is invalid, so the user must ensure that the 
transfer clock is controlled externally. 

Data transfer ends when the contents of the serial |/O auto- 
matic transfer pointer reach “00,,”. At that point, the serial 
1/O automatic transfer interrupt request bit is set to “1” and 
bit 1 of the serial !/O automatic transfer control register is 
cleared to “0” to complete the serial |/O automatic transfer. 


(2.2) Operation in Transmit-Only Mode 

The operation in transmit-only mode is the same as that in 
full duplex mode, except that data is not transferred from 
the serial |/O1 register to the serial |/O automatic transfer 
RAM. 


LSB first (SC1;=0) : 
MSB first (SC1;=1) : LSB 


DO; 


DOg } DOs 





DO; | DOg 




















Dis | Dl, | Dig | Dl 


Serial 1/O1 register 
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(2.3) If Internal Clock is Selected 

If internal clock is selected, the P53/Srpvi/CS/Secrki2 pin 
can be used as the Srpy; pin by setting the SC1, bit to “1”. 
If internal clock is selected, the P53 pin can be used as the 
synchronization clock output pin Scixi2 by setting the 
SIOAC3 bit to “1”. In this case, the Soixi1 pin is at high im- 
pedance. 

Select the function of the P53/Srpyi/CS/Sciki2 and P5>/ 





If using the Scoiki1 and Scixi2 pins for switching, set the 
P53/Srpy1/CS/Sciki2 pin to P53 by setting the SC1, bit to 
“0”, and set the P53 direction register to input mode. 

Make sure that the SIOAC; bit is switched after automatic 
transfer is completed, while the transfer clock is still “H”. 


Table 2. Sorki1 and Scrixi2 selection 











Scixi1 pins by setting bit 3 (SC13), bit 4 (SC1,), and bit 6 
(SCig) of the serial |1/O1 control register (address 001946) 
and bit 3 (SIOAC3) of the serial |/O automatic transfer con- 
trol register (address 001A,,). (See Table 2.) | 


SCI¢ SC14 SC33 SIOAC3 =| P52/Seik11 | P53/Seik12 
| 0 | Scum | PSs 
] 0 1 High 
impedanse 


Note. SC13 ° Serial 1/O1 port selection bit 
SC14 : Srapy; output selection bit 
SC1, : Synchronization clock selection bit 
SIOAC3 : Synchronization clock output pin selection bit 











Serial |1/O automatic transfer 
control register 
bit 1 write signal 


Serial |/O automatic transfer 
control register bit 1 


Write signal from RAM to 
serial 1/O1 register 

Write signal from serial 1/01 
register to RAM 


' Data pointer 


Transfer clock 


(internal or Scix Output) 
Receive 
enabled signal 


Sroy 
Serial !1/O output oc... 
Sout 


Serial I/O input 
Sin 


Serial 1/O automatic transfer 
control register 
bit 1 write signal 


Serial 1/O automatic banster OO 7 
control register bit 1 

Write signal from RAM to n iL. 
serial 1/01 register 

Write signal from serial [jeanne Enna enreer | LaeEEE . 
register to RAM 

an ont 
| 


SIOAC3 | 
| 


|| eeee nee  ee 


Transfer clock 
(internal) 


Seik11 Output 
Sciki2 Output 


Serial {/O output 
Su HOM DO KOO2KOOs HOOK DO: KOOEKDO= = — = 


Serial 1/O input 
Sin 


(D1, X OX OX O's K Ole X O's K Die X Ole | 


Transfer interval 


Fig. 19 Timing during serial 1/O automatic transfer (internal clock selected, Scoixi1 and Scixi2 used) 
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(2.4) If External Clock is Selected 

If an external clock is selected, the internal clock and the 
transfer interval set by the serial 1/O automatic transfer in- 
terval register are invalid, but the serial 1/O output pin Soyr 
and the internal transfer clock can be controlled from the 
outside by setting the Sppy, and CS (input) pins. 

When the CS input is “L”, the Sour pin and the internal 
transfer clock are enabled. When the CS input is “H”, the 
Sour pin is at high impedance and the internal transfer 
clock is at “H”. 

Select the function of the P53/Srpyi/CS/Scixi2 pin by set- 
ting bit 4 (SC1,) and bit 6 (SC1,) of the serial 1/01 contro! 
register (address 0019,¢) and bit 0 (SIOAC ) of the serial 
1/O automatic transfer control register (address 001Aij¢). 
Make sure that the CS pin switches from “L” to “H” or from 
“H” to “L” while the transfer clock (So.x input) is “H” after 
one byte of data has been transferred. 

If external clock is selected, make sure that the external 
clock goes “L” after at least nine cycles of the internal sys- 
tem clock ¢ after the start bit is set. Leave at least 11 cy- 
cles of the system clock ¢ free for the transfer interval after 
one byte of data has been transferred. 


Serial |/O automatic transfer 
control register 
bit 1 write signal 


Serial |/O automatic transfer 
control register bit 1 

Write signal from RAM to 
sertal |/O1 register 

Write signal from serial |/O1 
register to RAM 


Data pointer 
External input 
CS 


Transfer clock 
Scik input 


Transfer clock 


(internal) | 





lf CS input is not being used, note that the Sour pin will not 
go high impedance, even after transfer is completed. 

lf CS input is not being used, or if CS is “L”, control the ex- 
ternal clock because the data in the serial !/O register will 
continue to shift while the external clock is input, even after 
the completion of automatic transfer. (Note that the automa- 
tic transfer interrupt request bit is set and bit 1 of the auto- 
matic transfer register is cleared at the point at which the 
specified number of bytes of data have been transferred. ) 


Table 3. P53/Srpyi/CS selection 


Pe) ee 
0 Srpy1 
1 cs 


Note. SC1,4° Sapy; output selection bit 
SC1, : Synchronization clock selection bit 
SIOAC, : Automatic transfer control bit 








| | 
serene por KX _YOOKDO OO HOT HHO NOONOO NO __ Yr - J - 
Mt = 


| | 
Serial 1/0 ve RDI DL ADL XDIsKOURDIEADIERDI-R ___ XR X KX KX KX 


IN 


Note. Data marked with X ts invalid 


Fig. 20 Timing during serial |/O automatic transfer (external clock selected) 
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PULSE WIDTH MODULATION (PWM) | The explanation in the rest of this data sheet assumes Xijn= 
OUTPUT CIRCUIT 4MHz. 

Microcomputers of the M3817x group have a PWM function 

with a 14-bit resolution. When the oscillation frequency Xin 

is 4MHz, the minimum resolution bit width is 500ns and the 

cycle period is 8192s. The PWM timing generator sup- 

plies a PWM control signal based on a signal that is half 

the frequency of the X;,y clock. 


Data bus 


PWML register( address 002D,¢) 


( Set to 1 at 


write Pe! 


PWMH register 
(address 002C,.) 


P65 latch 
P6)/PWM 


14-bit PWM circuit 
PWM output 
selection bit 
PWM output 
PWM (128 us period) selection bit 


xX 
(4MHz) eo timing P6p direction 
generator |(8192us period) register 





Fig. 21 PWM block diagram 
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(1) Data Set-up (3) 
The PWM output pin also functions as port P69. Set port 
P6 to be the PWM output pin by setting bit 0 of the 

/ PWM mode register (address 002Bi,). The upper 

eight bits of output data are set in the upper PWM reg- 
ister PWMH (address 002C,,) and the lower six bits 
are set in the lower PWM register PWML (address 
002D,.). 

(2) Transfer From Register to Latch 
Data written to the PWML register is transferred to the 
PWM latch once in each PWM period (every 8192us), 
and data written to the PWMH register is transferred to 
the PWM latch once in each sub-period (every 128us). 
When the PWML register is read, the contents of the 
latch are read. However, bit 7 of the PWML register in- 
dicates whether the transfer to the PWM latch is com- 
pleted; the transfer is completed when bit 7 is “O”. 


Table 4. Relationship between lower 6 bits of data and 
period set by the ADD bit 


Lower 6 Bits of Data( PWML) 
LSB 


000000 


000001 


000010 
000100 
001000 


010000 
100000 


Sub-periods tm Lengthened (m =0 to 63) 




































m=16, 48 

m= 8, 24, 40, 56 

m= 4, 12, 20, 28, 36, 44, 52, 60 
m= 2, 6, 10, 14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62 
PE le pr ge Paige eet cee eee , 57, 59, 61, 63 














8192 us 


315 us 315 us 315 us 


Pulse width modulation register H : 00111111 

Pulse width modulation register L : 000101 

Sub-periods where “H” pulse width Is 32 ws : m = 8, 24, 32, 40, 56 
Sub-periods where “H” pulse width is 315 ws: m = all other values 


Fig. 22 PWM timing 


PWM Operation 

The timing of the 14-bit PWM function is shown in Fig. 
24. The 14-bit PWM data is divided into the lower six 
bits and the upper eight bits in the PWM latch. 


The upper eight bits of data determine how long an 
“H”-level signal is output during each sub-period. 
There are 64 sub-periods in each period, and each 
sub-period is 256X 7 (128us) long. The signal is “H” 
for a length equal to N times Tt , where T is the mini- 
mum resolution (500ns). 


The contents of the lower six bits of data enable the 
lengthening of the high signal by t (500ns). As shown 
in Fig. 21, the six bits of PWML determine which sub- 
cycles are lengthened. 

As shown in Fig. 24, the leading edge of the pulse is 
lengthened. By changing the length of specific sub- 
periods instead of simply changing the “H” duration, an 
accurate waveform can be duplicated without the use 
of complex external filters. 


For example, if the upper eight bits of the 14-bit data 
are 03,, and the lower six bits are 05.6, the length of 
the “H”-level output in sub-periods tg, tog, tg2, tao, and 
tsg is 47 , and its length 37 in all other sub-periods. 
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PWM mode register (address 002B,,) 


P6,o/PWM output selection bit 
0 : 1/0 port 
1? PWM output 





Fig. 23. Structure of PWM mode register 


Data 6A;, stored at address 002C;, Data 7B, stored at address 002C 4, 


a ye 
register 5916 Bis Bre 

Data 24, stored} at address 002D,. Bit 7 cleared after transfer Data 35, stored at address 002D4. 
register 1316 | AAt6 ' 2416 ’ 16 


Transfer from register to latch Transfer from register to latch 


Ha 1653:6] 8 1A93;6 1AA4ig - is 


as When bit 7 of PWML is 0, transfer 
cose ene from register to latch 1s disabled 








(64X128us) 
ee oe = a ee 
ae ll t=128us OR Nea 2 oy 
Example 1 6A |j6B 6A 6B 6A 6B 6A 6B 6A 6B 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A {6B 6A 
PWM output yaad . 
@ , J 
Lower 6-bit output : 5 SOs 5 5 5 5 5 5 5 
H=6Ai., L=2416 t | ! 
6Big 36times 6Aj6 - : 28times__ 106 64+36 
(107) (106) 
Example 2 6A |6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B [6A 6A 
PWM output 
Lower 6-bit output : 3 4 4 ‘| 4 
H=6Aij6, L=184, 
6Bi¢ 24times BAig - counes) | ——=tooxeata 
Se t=128us 


(2560. 5us) 
Minimum bit width} t =0.5us 


i/ 
PWM output eB] 6A 1 691681 67+ 
@ ADD 





8-bit £02 101/00) FFIFE! FD! FC} 


counter 
ee | ena 


portions with H period length specified by PWMH 
additional T are 


determined by 
PWML 256 T (128us), fixed 







Fig. 24 14-bit PWM timing 
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A-D CONVERTER 
The functional blocks of the A-D converter are described 
below. 


(A-D Conversion Register} AD 

The A-D conversion register is a read-only register that 
contains the result of an A-D conversion. This register 
should not be read during an A-D conversion. 


(A-D Control Register] ADCON 

The A-D control register controls the A-D conversion pro- 
cess. Bits 0 to 2 of this register select specific analog input 
pins. Bit 3 signals the completion of an A-D conversion. The 
value of this bit remains at “O” during an A-D conversion, 
then changes to “1” when the A-D conversion is completed. 
Writing “0” to this bit starts the A-D conversion. 


(Comparison Voltage Generator) 

The comparison voltage generator divides the voltage be- 
tween AVgg and Vrer by 256, and outputs the divided vol- 
tages. 


(Channel Selector] 
The channel selector selects one of the input ports P77/AN, 
to P79/ANo 


Data bus 


P7>/ANg © 
P7,/AN, © 
P7>/AN> 
P73/AN3 
P74/ANg 
P7;/ANs 
P7./ANg 
P7,/AN, 


Comparator 


Channel selector 


Fig. 26 A-D converter block diagram 


1 control circuit 





(Comparator and Control Circuit) 

The comparator and control circuit compares an analog in- 
put voltage with the comparison voltage and stores the re- 
sult in the A-D conversion register. When an A-D conver- 
sion is complete, the control circuit sets the A-D conversion 
completion bit and the A-D interrupt request bit to “1”. 

Note that the comparator is constructed linked to a capaci- 
tor, so set f (X,y) to at least 500KHz during A-D conversion. 


A-D control register 
(ADCON : address 0030,.) 


Analog input pin selection bits 


- P79/ANo 
01 : P7,/AN, 

10 : P72/AN2 

1 1° P73/AN3 

00 : P74/AN, 

01 ° P75/ANs 

10 | P76/ANg 

11° P77/AN, 
conversion completion bit 
: Conversion in progress 
: Conversion completed 
Do not use 

Do not use 


A- 





Fig. 25 Structure of A-D control register 


A-D interrupt request 


A-D conversion register 


8 


Resistor ladder 


O © 
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FLD CONTROLLER ¢ Port PO segment/digit switching register 
Microcomputers of the M3817x group have fluorescent dis- ¢ Port P1 digit/port switching register 
play (FLD) drive and control circuits. ¢ Port P8 segment/port switching register 
The FLD controller consists of the following components: * Key-scan blanking register | 
¢ 24 pins for segments * 48-byte FLD automatic display RAM 
* 16 pins for digits Eight to twenty-four pins can be used as segment pins and 
¢ FLDC mode register four to sixteen pins can be used as digit pins. 
¢ FLD data pointer Note that only 32 pins (maximum) can be used as segment 
¢ FLD data pointer reload register and digit pins. 
Main address Main data Local data 
bus bus bus 
FLD automatic display RAM 
00406 S/P 
S/P| P86/S, | 


aN 


8,/S7 
3416 001016 
P35/S3 
P3,/Sy | 
P32/Si9 
P33/S44 
P3,/S42 
P3./Si3 
P36/Si4 
P37/Si5 | 
0006.6 

0,/S16/Do 
| PO,/S;7/D; 


ae 
pea heme SJ 
1 S/ 05/Si3/Do 
: Mt ry, 
ietieed 
Eel 


004Fi6{ G16 (SEG P8) 


0050,6{ G1 (SEG P3 
G2 (SEG P3 


S 
So 


) 





Local address 
bus 


yal fe 
ee 






G15 (SEG P3) 
G16 (SEG P3) 


G2 (SEG PO) 


/ 


S 
O 


G15 (SEG PO) 
G16 (SEG PO) 


‘ 
* 
4 

















™~ 


Slolsts 
OFOLOLO 


” 
~ 
Oo 


03/Si9/Ds 
0,/So0/Da 
7 


S 
0 


0¢/So0/De 
/D] P07/So3/D> 


| 0085 T0000, 


” 











Key-scan 












blanking 

register 
(address 0035 4¢){ 
Address 
decoder 
=< 10/P 
VOIP | Pis/Dis_| 
= [DPT PID. | 

____ | D/P T P1,/D;. 

0033;, 000216 





FLD blanking interrupt 
FLD digit interrupt 


Fig. 27 FLD control circuit block diagram 
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FLDC Mode Register (FLDM) Key-scan Blanking Register (KSCN) 

The FLDC mode register (address 0036,¢) is a seven bit The key-scan blanking register (address 0035;,) is a two 
control register which is used to control the FLD automatic bit register which sets the blanking period Tscan between 
display. the last digit and the first digit of the next cycle. 


FLDC mode register(FLDM : address 0036,,¢) 


Automatic display control bit(PO, P1, P3, P8) 
0 : Normal mode 
1 : Automatic display mode 
Display start bit 
0 : Display stopped 
] : Display in progress 
(display starts when “1” is written to this bit) 
Tdisp control bits 
(digit timing setting, when operating at 4MHz) 
b4 b3 b2 


So 
Oo 
(an) 


:128us 

> 256us 

: 384us 

> 512us 

: 640us 

: 768us 

> 896us 

- 1024s 

ntrol bits (digit/segment-off timing setting) 


ate eS HS KH OO FO 
—OoO- o-oo — 


To 


; 1/16XT disp 


--oo0S3 





Fig. 28 Structure of FLDC mode register (FLDM) 


Key-scan blanking register(KSCN : address 0035,,) 


Tscan control bits 
bt b0 


0 0 : FLD digit interrupt(at rise of each digit) 


0] 
TO: ; FLD blanking interrupt 
La (at fall of final digit) 





Fig. 29 Structure of key-scan blanking register (KSCN) 
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FLD Automatic Display Pins the FLDC mode register (address 0036,,) to “1”. 
The FLD automatic display function of Ports PO, P1, P3, and When using the FLD automatic display mode, set the num- 
P8 is selected by setting the automatic display control bit of ber of segments and digits for each port. 


Table 5. Pins in FLD automatic display mode 


Automatic Display Pins Setting Method 


SEGo-SEG7 
or 
P8q-P87 
None (segment only) 
SEGi6-SEGos 
or 
DIGo-DIG7 
DIG;2-DIGis | 
or 
P14-P17 


; ) 
The individual bits of the segment/port switching register (address 0034;,) can be used to set each pin to 
either segment (“1”) or normal port input (“0”) (Note) 


The individual bits of the segment/digit switching register (address 0032;.) can be used to set each pin to 
segment (“1”) or digit (“0”) (Note) 


The individual bits of the digit/port switching register (address 0033;.) can be used to set each pin to digit 
(“1”) or normal port output (“0”) (Note) 





Note. Always set digits in sequence. 


Number of segments 
Number of digits 16 


10 
JO P8 
{O] Pa 
Port P8 PTE E acca te 
i 
a 





(has segment/port Pe 


switching register) SEG, 
1 | SEGs 


Port P3 
(segment only) 


0 | DIG. G12] 

}0| DIG, +G11. 1 | SEGi7 
Port PO }0| DIG, G10 
(has segment/digit 
switching register) 0} DIG, +~G10 
0 | DIG; G9 | 
[0 | DIG, +G7_| 





pore 
Neen eal 


switching register) TT | DIG. G4 
DIGis + G3 
Oj PIs | A DIG G2] | 1] DIG, +2 
O;Pir | LL DIGig G1] [1] DIGis +1 | 





Fig. 30 Segment/digit setting example 
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FLD Automatic Display RAM 

The FLD automatic display RAM area is the 48 bytes from 

address 0040,. to 006F1.¢. The FLD automatic display RAM 

area can be used to store 3-byte data items for a maximum 

of 16 digits. Addresses 0040;, to 004F,, are used for P8 

segment data, addresses 0050,.¢ to 005F,, are used for P3 

segment data, and addresses 0060;, to OO06F1,¢ are used for 

PO segment data. 

¢ FLD Data Pointer and FLD Data Pointer Reload Register 
The FLD data pointer indicates the data address in the 
FLD automatic display RAM to be transferred to a seg- 
ment, and the FLD data pointer reload register indicates 
the address of the first digit of segment P3. 


Both the FLD data pointer and the FLD data pointer re- 
load register are allocated to address 0037,,¢ and are 6- 
bits wide. Data written to this address is written to the 
FLD data pointer reload register, data read from this 
address is read from the FLD data pointer 

The actual memory address is the value of the data poin- 
ter plus 4016, 5016, Or 6046. | 

The contents of the FLD data pointer indicate the start 
address of segment PO at the start of automatic display. If 
segment PO or P3 data is transferred to the segment, the 
FLD data pointer returns — 16; if segment P8 data is 
transferred, it returns + 31. After it reaches “00”, the 
value in the FLD data pointer reload register is transfer- 


red to the FLD data pointer. In this way, three bytes of 
data for the PO, P3, and P8 segments of one digit are 
transferred 


Final digit 
004016 SEGe SEG; SEG, SEG; —~ (final data of 
004146 SEGs SEGs SEG, SEG, | segment P8) 














: : Segment P8 
: data area 











Final digit 
—— (final data of 
segment P3) 


















































Segment P3 
data area 

















Final digit 
——- (final data of 
segment PO) 




















Segment PO 
data area 
| 
SEGoao SEGi9 


SEGa9 SEGig 














Fig. 31 FLD automatic display RAM and bit allocation 
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* Data Setup Set the FLD data pointer reload register to the value 

_ When data is stored in the FLD automatic display RAM, given by the number of digits 1. “1” is always written to 
the end of segment P8 data is stored at address 00404., bit 5, and “O” is always written to bit 4. Note that “O” is al- 
the end of segment P3 data is stored at address 005046, ways read from bit 5 or 4 during a read. 


and the end of segment PO data is stored at address 
0060,5. The head of each of the segment P8, P3, and PO 
data is stored at an address that is the number of 
digits—1 away from the corresponding address 0040,g, 
0050,.¢, 0060; .. 


For 17 segments and 15 digits For 24 segments and 8 digits 
(FLD data pointer reload register=14) (FLD data pointer reload register=7) 


5 3 2 1 
a bb hn 004016 CPT TIPTINITAOTATVIZ 
O04 Gea UEA VE NAD LE BISOLI EEE 004416 V/V/V INL LI LIV LLL LL) 
| 00426 VL LVL LLM LL LLL, | 004216 VK LV SVL IIL ALL MLL LL LL 
| 004816 V/A NILA MLL IV LL LL) 004316 V/V IVIL IIL LLLLLVLL LL) 
ou MOLE UCL NAL NAAN aaa a 004416 VA/VILELLILLILLIN LIV LLL ZL) 





























m, 






































004556 A/V LIV LVL LVL) | 00S VI AVL A IV LN 
| 004616 C/A SALLY) ANIM INI VTT | 004616 VIVE LIM L IV LLL LJ 
| 004716 TMM LIV LIN LLL Lf Log ON 
| 00486 LAI LILI LL ALLA Lhd 0048, Pasi inal 
pO0MR i LMI TNL LALLA | OOM he ee! 
| 004A VMI IV LIV LLL INL LALLA LL PL aa ee a ES (IR ST (a a 
Mae LAE LNLERLS ISLA LL LE y DR AN La ARP (ae (ee 
a, WCU CCAUULYOOYEENEE De eel See chest Set oes 
O04 AMY ALYLLNLLELLRLLAL LAL) 004g | 
ee aan rere ri 

F080.» V7ZP7 LISI ISL IAL IS IMAL IMAL 00506 V/V LIVI ILL LMALL ILL, 
005116 VA IVILRILNLL MLM LIV LLL 005115 V/V LLL MLL L 




















005216 C/N NLL NLL MLL ML IV LL, 
| 008316 C/N NIL NLM LILIA LLILL 
| 005416 PLAIN LL LV LIV LLL LLL) 
| 008516 LAIN LIV LILLE LL 
| 005616 1/// A / ATM TMI MIN INTL 


| 008216 V/V LALLY LLL LA LL, 
$0888 LLL LLL ALLL, AVIV I Le 
005416 VV ELL LIV LIL LLL) 
LINN IAA LIPS ATS TI 
005615 V/V ILA LINN LLL) 

















0058 VIII VITALI LIT) 
WMA AE: 
ses a (ee ae 








| 005716 MIMI ILIV LIL LA LL db LL pears LLL LLY eee LIT 
| 005816 LN LMI IV ILIV LIL LALLALL 005816 ee ele 
208 LAL L IMI INI IT NI IK I) 005916 Sa pak ie aa a 
005A V/V/V LIVIN LALLALLALLL 005Ar6 fe leo vier et eee 
| 00585 V/V ILIV LIV LIL LALLALLALL aes eae [a | 
fae) 















005F 16 


0060, | | 7 
vet [| Ces 


0062; 





SITTIN ITYTT I 

006016 V/V LMI LNLL MIM LIM LL LL, 
| 006116 VV LILA MLV ILIV LLL) 
| 006216 V/V ILL LIM LIL LLL) 








tt 
G 
did 
GuE 
NSS 













































ca Gere ean 9272 0063; V/V ILI LAIN LIVI LLL) 
pO064 i, a eV) | 006416 VI LV/ LALLA NLL LIV LLL L) 
PROCS 6 ee | 008516 NSN LMI LIN LIM LL LLL L 
| oo | | | | ht CT CT VY | 006615 VAS L/S SAS IML MILLVILLE) 
teres 7 fe ee ELLA LLL LLY LPL 
| 006816 _| ier aes ee, ne ( 4 is a ae =a 

| 0069, | | |. eee | 006916 =| —~ 
006Bi¢ Bt ee 


006B,¢ 
006C16 
| 006Dis | | 


| OO6Ers | | | 
fo06Fg | | | 


ee ee 
eae 
feed 
a 











i 


























Note. Shaded areas are not used 


Fig. 32 Example of using the FLD automatic display RAM. 
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* Timing Setting 


The digit timing (Tdisp) and digit/segment turn-off timing 
(Toff) can be set by the FLDC mode register (address 
0036,,). The scan timing (Tscan) can be set by the key- 
scan blanking register (address 0035;¢). 

Note that flickering will occur if the repetition frequency 
(1/(Tdisp X number of digits+Tscan)) is an integral mul- 
tiple of the digit timing Tdisp. 

FLD Start 

To perform FLD automatic display, you have to use the 
following registers. 

* Port PO segment/digit switching register 

* Port P1 digit/port switching register 

* Port P8 segment/port switching register 

* Key-scan blanking register 

¢ FLDC mode register 

¢ FLD data pointer 

Automatic display mode is activated by writing “1” to bit 0 
of the FLDC mode register (address 0036,.) , and the 








Segment 
output 


| 


FLD digit interrupt generated 
at the rising edge of segment 
data 





automatic display is started by writing “1” to bit 1. 
During automatic display bit 1 always keeps “1”, automa- 
tic display can be interrupted by writing “O” to bit 1. 


If key-scan is to be performed by segment during the 

key-scan blanking period Tscan, 

1. Write “0” to bit 0 (automatic display control bit) of 
FLDC mode register (address 0036,.). 

2. Set the port corresponding to the segment to the nor- 
mal port. 

3. After the key-scan is performed, write “1” (automatic 
display mode) to bit 0 of FLDC mode register 
(address 0036,,). 


Note on performance of key-scan in the above 1 to 3 

order. 

1. Do not write “0” to bit 1 of FLDC mode register 
(address 0036,,). 

2. Do not write “1” to the port corresponding to the digit. 





ft 3 CRE , a , ?) , 4) ct |) f  ) , ) a a. 4) ,  } ,  ) 


Nii tt 
Segment setting by software 


FLD blanking interrupt generated at 
the falling of edge of the last digit 


oe ee) 


Segment 








Fig. 33. FLDC timing 
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RESET CIRCUIT 

After a reset, the microcomputer will start in high-speed 

operation start mode or low-speed operation start mode 

depending on a mask-programmable option. 

* High-Speed Operation Start Mode 
In high-speed operation start mode, reset occurs if the 
RESET pin is held at an “L” level for at least 2us then is 
returned to an “H” level (the power supply voltage 
should be between 4.0V and 5.5V). Both the X,, and the 
Xcin clocks begin oscillating. In order to give the Xn 
clock time to stabilize, internal operation does not begin 
until after 13 Xi, clock cycles are complete. After the re- 
set is completed, the program starts from the address 
contained in address FFFD,, (upper byte) and address 
FFFC,, (lower byte). 

¢ Low-Speed Operation Start Mode 
In low-speed operation start mode, reset occurs if the 
RESET pin is held at a “L” level for at least 2us then is 








Note. Reset release voltages : 
In high-speed operation start mode : Voc=4. 0V 
In low-speed operation start mode : Voco=2. 8V 


Power supply voltage 


te detection circuit 


| 
| 
| 
| 
| 
| 





Fig. 34 Power-on reset circuit example 


returned to an “H” level (the power supply voltage 
should be between 2.8V and 5.5V). The Xin clock does 
not begin oscillating. In order to give the Xin time to sta- 
bilize, timer 1 and timer 2 are connected together and 
512 cycles of the Xcin/16 are counted before internal op- 
eration begins. After the reset is completed, the program 
Starts from the address contained in address FFFDj. 
(upper byte) and address FFFCi¢ (lower byte). 

If the Xcin clock is stable, reset will complete after 
approximately 250ms (assuming f( Xo) =32.768kKHz). 
Immediately after a power-on, the stability of the clock 
circuit will determine the reset timing and will vary 
according to the characteristics of the oscillation circuit 
used. 

Note on Use 

Make sure that the reset input voltage is no more than 
0.8V in high-speed operation start mode, or no more than 
0.5V in low-speed operation start mode. 
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Fig. 


Port PO register 
Port P1 register 
Port P2 register 
Port P2 direction register 
Port P3 register 
Port P4 register 
Port P4 direction register 
Port P5 register 
Port P5 direction register 
Port P6 register 
Port P6 direction register 
Port P7 register 
Port P7 direction register 
Port P8 register 


Port P8 direction register 


Serial 1/01 control register 


Address 


(00 0 046): 


(00 0 246): 


(000 446): 


(000516) 


(00 0 646): 
(00 0 846): 


(000 946): 


(0 0 0 Ajg):* 


(0 0 0 Big) 


(0 0 0 C46): 


(0 0 0 Di¢)-- 


(00 0 F 46): 


(0 01 Orie) 


(001 lag) 


(001 946) 


Serial 1/O automatic transfer (0 0 1 Aig): 


control register 


Serial 1/O automatic transfer (0 0 1 C46): 


interval register 


Serial |/O2 control register 


Timer 1 register 
Timer 2 register 
Timer 3 register 
Timer 4 register 
Timer 5 register 


Timer 6 register 


Note. * : The initial values of bits 7 and 6 of the CPU mode register are determined by a mask option 


Xx : Underfined 


(00 1 Dig) 


(00 2 046)-: 


(0 0 2 1 16)°"" 


(0 0 2 2 16)°"* 


(00 2 346): 


(002 446) 


we 


(0 0 2 546): 


Register contents 


SN a2 


0016 
0016 
0016 
0016 


0046 





0016 
0016 
0046 
0016 
0016 





0016 


0016 














= 





0016 





FFi¢ 





= 


Olis 





. 


FFig 











FFig 








Hs 


FFi6 





= 





4 


FFi¢ 





Timer 12 mode register 
Timer 34 mode register 
Timer 56 mode register 
PWM control register 
A-D control register 
Port PO segment/digit 


switching register 


Port P1 digit/port switching register 


Port P8 segment/port 


switching register 


Key-scan blanking register 


FLDC mode register 
High-breakdown-voltage port 


control register 


Interrupt edge selection register 


CPU mode register 


Interrupt request register 1 


Interrupt request register 2 


Interrupt control register 1 
Interrupt control register 2 
Processor status register 


Program counter ' 


Address 


(00 2 846): 


(0 0 2 916): 


(0 02 Aie)*** 


(0 0 2 Big): 


(0 0 3 O46)-* 


(00 3 246): 


(00 3 346)- 


(00 3 4i6)°* 


(0.03 Sie) 


(0 0:3 6 ie) 


(00 3 846): 


(0 0 3 Ai6)* 


(0 0 3 Bie) 


(0 0 3 C16)": 


. 
eee 
. 


(0 0 3 Dig): 


(0 0 3 Ewe) 


(0 0 3 F a6)" 


(PS) 
(PCy) 


(PC,) 


. 
eee 
nee 


eee 


Register contents 
0016 
0016 
0016 
006 


0816 





*[+] 1/0] o/o]0 


0016 


0016 


eeKEE ER 


Contents of address FFFD,., 


Contents of address FFFCi., 


The contents of all other registers and RAM are undefined after a reset, so programs must set their initial values 


35 


Internal status at reset 
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Q/\; 


eat ra 
Time until oscillation starts ' Time necessary for oscillation to stabilize 


Xcout 
(32kHz) 
Time until oscillation starts 


Internal 
reset 


System 
clock 


Adres Dan en ab GaGa cP 


Data ADuy 


aes ee 





Fig. 36 Reset sequence in high-speed operation mode 


(Oscillation stopped) 


t 
Time until oscillation starts , Time necessary for oscillation to stabilize 


Internal 


reset | 


System 
clock 


aon JODO HED 
oa | 





Fig. 37 Reset sequence in low-speed operation mode 
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CLOCK GENERATION CIRCUIT 
When using an external clock signal, input the clock signal 
to the Xin (Xcin) pin and leave the Xour (Xcour) pin open. 
If the Xcin clock is not used, connect the Xciw pin to Vss, 
and leave the Xcour pin open. 
Either high-speed operation start mode or low-speed op- 
eration start mode can be selected by using a mask option. 
¢« High-Speed Operation Start Mode 
After reset has completed, the internal clock ¢ is half the 
frequency of Xj. Immediately after power-on, both the 
Xin and Xow Clock start oscillating. To set the internal 
clock ¢to low-speed operation mode, set bit 7 of the 
CPU mode register (address 003By,) to “1”. 
¢e Low-Speed Operation Start Mode 
After reset has completed, the internal clock ¢is half the 
frequency of Xcin. Immediately after power-on, only the 
Xcin Clock starts oscillating. To set the internal clock ¢ to 
high-speed operation mode, first set bit 6 (CMg) of the 
CPU mode register (address 003B,,) to “0”, the set bit 7 
(CM7) to “0”. Note that the program must allow time for 
oscillation to stabilize. 
Oscillation Control 
Stop Mode 
If the STP instruction is executed, oscillation stops with 
the internal clock ¢ at an “H” level. Timer 1 is set to 
“FFig’ and timer 2 is set to “014,”. 
Either Xj or Xcin divided by 16 is input to timer 1, and 
the output of timer 1 is connected to timer 2. The timer 1 
and timer 2 interrupt enable bits must be set to disabled 
(“0”), so a program must set these bits before executing 
a STP instruction. Oscillation restarts at reset or when an 


external interrupt is received, but the internal clock ¢ is: 


not supplied to the CPU until timer 2 overflows. This 
allows time for the clock circuit oscillation to stabilize. 
Wait Mode 

If the WIT instruction is executed, the internal clock ¢ 
stops at a “H” level but the oscillator itself does not stop. 
The internal clock restarts if a reset occurs or when an 
interrupt is received. Since the oscillator’ does not stop, 
normal operation can be started immediately after the 
clock is restarted. 

Low-Speed Mode 

if the internal clock is generated from the sub clock 
(Xcin), a low power consumption operation can be en- 
tered by stopping only the main clock Xj. To stop the 
main clock, set bit 6 (CM.) of the CPU mode register 
(003B,¢) to “1”. When the main clock X,y is restarted, the 
program must allow enough time to for oscillation to sta- 
bilize. 

Note that in low-power-consumption mode the Xon- 
Xcout drive performance can be reduced, allowing even 
lower power consumption (20uA with Xow= 32kHz). To 
reduce the Xcin-Xcout drive performance, clear bit 5 
(CMs) of the CPU mode register (003B,,) to “0”. At re- 





set or when a STP instruction is executed, this bit is set 
to “1” and strong drive is selected to help the oscillation 
to start. 


Xcin Xcout 





Fig. 38 Ceramic resonator circuit 


Xcin Xcout 


External oscillator 


Voec | | | | Voc PLL 
Vss Vss 


External oscillator or pulse 


Fig. 39 External clock input circuit 
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Timer 1 count stop bit 


Timer 2 count stop bit 


: 
) 
“Q” 


“Q” Timer 1 count 


Internal system clock source selection 
selection bit bit 
CM, (Note) 


Timing ¢ 
(internal clock) 


Main clock stop bit CM, 
Internal system clock 
selection bit CM, 


S 
2 : <] Reset 
STP WIT R R -— STP instruction 


instruction instruction 


Interrupt request 


Reset 
Cf interrupt disable flag | 


Note. The values of CM; and CM, at reset are determined by a mask option. 





Fig. 40 System clock generation circuit block diagram 
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High-speed operation 
start mode(Note 4) 


















WIT STP 
instruction ; instruction 
Xin Clock escviatng = Xiw Clock oscillating palabdiepets Xin Clock stopped 
Xcin Clock oscillating Xcin clock oscillating Xcin clock stopped 
¢ 1s stopped (“H”) ee $=t(Xiy)/2 7 ¢ 1s stopped (“H”) 
Timer operating Interrupt Interrupt 
(Note 1) 
External INT, External INT, or 
timer interrupt, or CM7=0 SI/O interrupt 


SI/O interrupt 


CM;7= 










































WIT STP 
Xin Clock oscillating instruction instruction 
Xcin Clock oscillating ————— Xin clock oscillating ee Xin Clock stopped 
i wpe Xcin Clock oscillating Xcin Clock stopped 
¢ : stopped ea ) CIN pp 
Timer operating $=f(Xoin) /2 ¢ Is stopped (“H”) 
(Note 3) Interrupt Interrupt 
(Note 1) 
CM.=0 
The program must 
CMe=1 allow time for Xi 
oscillation to stabilize 
WIT STP 
Xin Clock stopped instruction instruction 
Xcin Clock oscillating <__— Xin Clock stopped —_____> Xin Clock stopped 
¢ 1s stopped (“H”) Xcin Clock oscillating Xcin clock eae 
Timer operating $= (Xen) /2 ¢=stopped (“H”) 
(Note 3) Interrupt Interrupt 
(Note 2) 


Low-speed operation 
start mode (Note 4) 


The example assumes that 6. 3MHz !s being applied to the Xi, pin and 32kHz to the Xcn pin 


Note 1. When the STP state is ended, a delay of approximately 1. 3ms is automatically generated by timer 1 and timer 2 
2. The delay after the STP state ends is approximately 0. 25s. 
3. If the internal clock ¢ divided by 8 1s used as the timer count source, the frequency of the count source is f(Xcin)/16 
4. Specify this option when ordering a mask ROM version 


State transitions of system clock 
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» 
NOTES ON PROGRAMMING is shown in the list of machine instructions. 
¢ Processor Status Register The frequency of the internal clock ¢ is half of the Xj, or 
The contents of the processor status register (PS) after a Xcin frequency. 


reset are undefined, except for the interrupt disable flag 
(1) which is “1”. Therefore, flags that affect program ex- 
ecution must be initialized after a reset. In particular, it is 
essential to initialize the T and D flags because of their 
effect on calculations. 

Interrupts 

The contents of the interrupt request bits do not change 
immediately after they have been written. 

After writing to an interrupt request register, execute at 
least one instruction before performing a BBC or BBS in- 
struction. 

Decimal Calculations 

To calculate in decimal notation, set the decimal mode 
flag (D) to “1”, then execute a ADC or SBC instruction. 
Only the ADC and SBC instruction yield proper decimal 
results. After executing an ADC or SBC instruction, ex- 
ecute at least one instruction before executing a SEC, 
CLC, or CLD instruction. 

In decimal mode, the values of the negative (N), over- 
flow (V), and zero (Z) flags are invalid. 

The carry flag can be used to indicate whether a carry or 
borrow has occurred, but must be initialized before each 
calculation. Clear the carry flag before an ADC and set 
the flag before an SBC. 

Timers 

If a value n (between 0 and 255) is written to a timer 
latch, the frequency division ratio is 1/(n-+1). 
Multiplication and Division Instructions 

The MUL and DIV instructions do not affect the T and D 
flags. 

The execution of these instructions does not change the 
contents of the processor status register. 

Ports 

The contents of the port direction registers cannot be 
read. Programs can not use the value of a direction reg- 
ister as an index, or bit-test a direction register (BBC or 
BBS), or perform a read-modify-write instruction such as 
ROR, CLB, or SEB. Use instructions such as LDM and 
STA to set the port direction registers. 

Serial I/O 

When using an external clock, input “H” to the external 
clock input pin and clear the serial I/O interrupt request 
bit before executing a serial I/O transfer. 

When using the internal clock, set the synchronization 
clock to internal clock, then clear the serial !/O interrupt 
request bit before executing a serial I/O transfer. 
Instruction Execution Timing 

The instruction execution time is obtained by multiplying 
the frequency of the internal clock ¢ by the number of cy- 
cles needed to execute an instruction. 

The number of cycles required to execute an instruction 
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DATA REQUIRED FOR MASK ORDERS 
The following are necessary when ordering a mask ROM 
production: 
(1) Mask ROM Order Confirmation Form 
(2) Mark Specification Form 
(3) Data to be written to ROM, in EPROM form 

(three identical copies) 
If required, specify the following option on the Mask Con- 
firmation Form: 
¢ Operation start mode switching option 


ROM Writing Method 

The built-in PROM of the blank one-time programmable 
version and built-in EPROM version can be read from and 
written to with an normal EPROM writer using a special 


write adapter. 





Package Name of Write Adapter 
80P6N PCA4738F-80 
80D0 PCA4738L-80 









The PROM of the blank one-time programmable version is 
not tested or screened after assembly. To ensure proper 
operation after writing, the procedure shown in Figure 42 
is recommended to verify programming. 


Writing with PROM writer 


Screening (Note) 
(150°C for 40 hours) 


Verification with 
PROM writer 


Functional check in target device 


Note. The screening temperature is far 
higher than the storage temperature Do 
not leave the microcomputer at 150°C 
for longer than 100 hours 





Fig. 42 Writing and testing of one-time programmable 
version 
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ABSOLUTE MAXIMUM RATINGS 


Supply voltage —0.3 to 7.0 
Pull-down power supply voltage Voco—40 to Voco+0. 3 


Input voltage P2o-P27, P4,-P47, P59-P5z, | 0.310 Vect0.3 
—0.3 to Voc t0. 3 


P6y-P65, P7-P7, 
=a Ste VeotO3 
Voco—40 to Voc +0. 3 


Input voltage P89-P87 
Vi —0.3 to Vec+0. 3 
Vo 

























All voltages measured based on the Vgg pin 
Output transistors are isolated 









Mies ony Input voltage RESET, Xin 
Input voltage Xcn —0. 3 to Vec+0. 3 


Output voltage PO 9-P07, P19-P17, P39-P3,, 
P89-P87 


Output voltage P24-P27, P4,-P47, P5o-P5y, 0.3 to Vec+0. 3 
—0.3 to . 
P6o-P65, P7o-P77, Xout, Xcout es 
| Pq Power dissipation Tg =25C 600 | lm 


Topr Operating temperature —10 to 85 
=40 to 125 


Voc—40 to Vect0. 3 








RECOMMENDED OPERATING CONDITIONS (Vec = 4.0 to 5.5V, Ta = —10 to 85°C, unless otherwise noted) 


Symbol Parameter 


High-speed operation mode 
Supply voltage ; 
Low-speed operation mode . 
| Vss___| Supply voltage 
l Vee | Pull-down power supply voltage 
Reference input voltage 
Analog power voltage 
Via | Analog input voltage 





Limits 
Ty 


Unit 


To 


olo < 
“| os 8 ~ 
= ny co 
re 


0 


© 
ay gn 
o;o 
<<] Jalon 
9) Q {9 onl o 


“H” input voltage P29-P27 : 
“H” input voltage P4p »15Voc 


“H” input voltage P4,-P47, P59-P57, P69-P6s, 
P79-P7; : 


< 
QO 
0 


< 
O 


Cc 


< 
Q 
fo) 


“H” input voltage P8p -P87 0. 8Vcc 
“H” input voltage RESET 0. 8Vec 


Cc 


< 
Q 


< 
oO |O 


“H” input voltage Xin, Xcin 0. 8Voc Voc 
. 16Voc 


~29Voc 


< 
Q 


| Vii _| “L” input voltage P2,-P2, 


Voc 

Vss 

Vee 

Via 

Vin 

Vin 

Vin 

Vin 

Vin 

Vin 

Vit 

Vie “L” input voltage P4o 

Vv “L” input voltage P4,-P4;, P59-P57, P6o-P6s, 

= P7y-P7; 

“L” input voltage P8 -P87 
“L” input voltage RESET 


“L” input voltage Xin, Xcin 





0. 25Vcc 






-2Voc 
. 2Vcc 
. 2Vcc 
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RECOMMENDED OPERATING CONDITIONS (Voc=4. 0 to 5.5V, Ta=—10 to 85, unless otherwise noted) 


(Note 1) P29-P27, P3 9-P3,7, 
P8-P87 


P7-P77 

“L” total peak output current P24-P27, P4,-P4,, 

P5o-P57, P61-P6s, 
P79-P77 


lou peak)| “L” total peak output current P6o 


“H” total average output current PQ9-P07, P19-P17, 
2 lou(avg) (Note 1) P2o-P27, P3-P3y, 
P89-P87 


2 low(avg) | “H” total average output current P41-P47, P69-P6s5 


“L” total average output current P29-P27, P4,-P47, 
= lou(avg) P5o-P57, P61-P6s, 
P7,-P77 


‘| lorcavg) | “L” total average output current P6o 


“H” peak output current PQ9-P07, P19-P17, P39-P37, 
oped (Note 2) P8y-P8, 

“H” peak output current P29-P27, P4,-P47, P6-P67, 
lon( peak) Sees 


“L” peak output current P29-P27, P6;-P65, P79-P77 
“L” peak output current P4,-P47, P59-P5; 


“L” peak output current P6> 
“H” average output current POQ9-P07, P19-P17, 
(Note 3 P39-P37, P8q-P87 
“H” average output current P29-P27, P4,-P4z, 
P6o-P67, P79-P77 
| oxcaven | = average output current P29-P27, P61-P6s, 
P79-P77 


lo.cavg) | “L” average output current P4,-P47, P59-P57 


“L” average output current P6o 
f(CNTR,) | Clock input frequency for timers 2 and 4 
(duty cycle 50%) 


f(Xcin) Sub clock input oscillation frequency (Note 4, 5) 


Note 1. The total output current is the sum of all the currents flowing through all the applicable ports The 
total average current is an average value measured over 100ms The total peak current is the peak 
value of all the currents. 

The peak output current is the peak current flowing in each port 

The average output current in an average value measured over 100ms 

When the oscillation frequency has a duty cycle of 50% 

When using the microcomputer in low-speed operation mode, make sure that the sub clock’s input 
frequency f(Xcn) Is less than f(Xin)/3 
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M3817x Group 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





ELECTRICAL CHARACTERISTICS (Vcc = 4.0 to 5.5V, Ta = —10 to 85°, unless otherwise noted) 


“H” output voltage PO -P07, P19-P17, P39-P3;, 
P89-P87 

“H” output voltage P29-P27, P4,-P47, P69-P6s, 
P79-P77 


“L” output voltage P2,4-P27, P4,-P47, P59-P57, 
P61-P65 


“L” output voltage PE P6o 


CNTRo, CNTR, 
Vr+—Vy— | Hysteresis RESET, Xin : =2. 8V to 5. 
Vr+—Vr— | Hysteresis Xcin 
“H” input current P2o-P2,, P4,-P47, P59-P57, 
P6o-P6s5, P7o-P77 


















Limits 





Test conditions 





loy= —18mA 








oO 
"1 

wn 
3 
> 











“H” input current P4o 
“H” input current P89-P87 (Note 1) Vi=Veoc 


“H” input current RESET, Xcin 
“H” input current Xin 











“L” input current P29-P27, P4,;-P47, P5o-P57, 









—5.0 LA 
P69-P6s5, P79-P77 
“L” input current P4o Vi=Vss =5. 0 
“L” input current P89-P87 (Note 1) 1) Vi=Vss —5.0 LA 





“L” input current RESET, Xcin Vi=Vss 


ae i hay nna current Xin Vi=Vss = 


Vee= Voc — 36V, i 

lLoap Output load current PO 9-P0;, P19-P1 1 P39-P37 Vo_t=Vec: 150 500 90 LA 

: With output transistors off 
om we 
Vee=Voc—38V, 
Output leakage current POo-P07, P19-P17, P3o-P37, 
lLEAK Bani Vot=Veco—38V, —10 uA 
sas With output transistors off (Except for reset) 


RAM hold voltage When clock is stopped 


Note 1. Except when reading ports P8. 
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ELECTRICAL CHARACTERISTICS (Vcc = 4.0 to 5.5V, Ta = —10 to 85C, unless otherwise noted) 


Power supply current 


A-D CONVERTER CHARACTERISTICS 








Limits 


In high-speed operation mode 
(Xin) =6. 3MHz 

f(Xcin) =32kHz 

Output transistors off 

A-D converter operating 

in high-speed operation mode 
f( Xin) =6. 3MHz (in WIT state) 
f( Xow) =32kHz 

Output transistors off 

A-D converter stopped 

in low-speed operation mode 


f(Xin) = stopped, f(Xcin) =32kHz 
Low-power dissipation mode set 
(CMs=0) 

Output transistors off 


In low-speed operation mode 
(Xin) = stopped 

f(Xcin)=32kHz (in WIT state) 
Low-power dissipation mode set 
(CMs=0) 

Output transistors off 

All oscillation stopped 

(in STP state) 

Output transistors off 


(Voc=4. 0 to 5. 5V, Vss=0V, Tga=—10 to 85°C, high-speed operation mode, unless otherwise noted) 







Parameter Test conditions Unit 
ee ree 
Absolute accuracy Voc=Vrer=). 12V 





























Conversion time 49 
Reference input voltage 
Reference input current Vrer=)bDV 















RiappER 


Analog port input current 








Ladder resistor 
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TIMING REQUIREMENTS. (vec =4.0 to 5.5V, Vss = OV, Ta = —10 to 85°C, unless otherwise noted) 


Symbol Parameter 


Reset input “L” pulse width 

Main clock input cycle time (Xx input) 

Main clock input “H” pulse width 

Main clock input “L” pulse width 

Sub clock input “L” pulse width 

CNTRo, CNTR; input cycle time 

CNTRo, CNTR;, input “H” pulse width 

CNTRo, CNTR;, input “L” pulse width 

INTo-INT, input “H” pulse width 
INTo-INT, input “L” pulse width 

Serial clock input cycle time 

Serial clock input clock “H” pulse width 
Serial clock input clock “L” pulse width 
Serial input setup time 
Serial input hold time 









































Serial clock output “H” pulse width 
Serial clock output “L” pulse width 
Serial output delay time 
Serial output hold time 

Serial clock output fall time C_=100pF, RL=1kN 


P-channel high-breakdown voltage output rise time = = 
tro Pch-strg? (Note 1) C.=1 OOpF, Vee=Vcc—36V 


P-channel high-breakdown voltage output rise time _ = 
tr(Pch-weak) (Note 2) C_=100pF, Vee=Vcc— 36V 


Note 1. When bit 0 of the high-breakdown voltage port control register (address 0038,,) is at “0” 
2. When bit 0 of the high-breakdown voltage port control register (address 0038,,) ts at “1” 
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Serial clock output 


port P-channel 


output port 


Note : Port P8 has no internal pull-down resistors and external resistors should be used If necessary. 





Fig. 43 Output switching characteristics measurement circuit 
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Timing Chart 


CNTRo, CNTR, 
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to(cntr) 


tWH(INT) tWLCNT) 


RESET 


Xcin 


Scik 


Sout 





tw (RESET) 


0. 8Vc6 
0. 2Vec 





te(xcin) 


tec ScLk) 


; twe(SerK) twH(SoiK) 


tf tr 
0. 8V 


thisoiK—Sin) 


AF OS tn 


RP RRR QOL 0. Vee PRR ROOK 


tdi seix—Sour) tv SeLk— Sour) 
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M3818x Group 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





DESCRIPTION 


The M3818x group is made up of 8-bit microcomputers ° 


based on the MELPS 740 core. 

The M3818x group is designed mainly for VCR timer/func- 
tion control, and include six 8-bit timers, a fluorescent dis- 
play automatic display circuit, a PWM function, and an 8- 
channel A-D converter. 

The various microcomputers in the M3818x group include 
variations of internal memory size and packaging. For de- 
tails, see the section on part numbering. 


FEATURES 
@ Basic machine-language instructions -**::*:**s:7°s +78 71 
@ Instruction execution time: ttre tee 0.63us 
(shortest instruction at 6.3MHz oscillation frequency) 
@ Memory size 
ROM cores ecreccc cc tscsseeeese se esseeeeeeseeeses ence 4K to 40K bytes 
RAM ciccecccctteccccceceseseseeeeeneeeeeeeeeeseeees 192 to 1024 bytes 
@ Programmable input/output ports ---7 seer et eee ee 67 
@ High-breakdown-voltage output ports --::°:-ss sete 32 
e Interrupts $5 SR eele sie Siek ooeealte ae aes 18 sources, 15 vectors 


PIN CONFIGURATION (TOP VIEW) 


Ge 


orn oO + WO 
9990990099 
qaaqgqqgaqaa 
~~ NNN ™ 
jae eS Noe Sree aos 
SHSHAGSHSSHHHGHOS 
Ww Ww WW LL) Le 
NANDNNNNNNNNNNHnNYH 
AUS SASK ORR ANOS OO ANOS SS 
Or NO TFT HO OR O KF NO TY | 
DDDHDDADOMNMMNMNMAMM 
®o2O00€a0QGRGH00000 
Elta ea a 











® Timers Peete eee EOS eR RR RR Ree SC EIS 8-bitX6 
@: Serial |/O--29etecereeses eee Clock-synchronized 8-bitX 2 
(Serial |1/O1 has an automatic data transfer function) 
@ PWM output fel] 2010] | Soon 14-bitX 1 
8-bitX 1(also functions as timer 6) 
e@ A-D converter yo ieva.s leva: Siaiererete'e:eie. Bate eta\etbre fovei case /at ees 8-bitXx8 channels 
@ Fiuorescent display function 
Segments cals aisle ecaaain aa Pala aan he Oaren peed been en as 8 to 24 
Digits use Waite neesiee as ie Sanaa a neoreieh ene hewean Dens teases 4to 16 
@ 2 Clock generation circuit 
Clock (XweXour) oo Internal feedback amplifier 
Sub clock (Xcin-Xcour) ** Internal amplifier without feedback 
e Supply voltage Veaarae Tew weswamege ts baee dy ad peviee ib awee 4.0 to 5.5V 
@ Low power dissipation 
In high-speed operation Dib tial daesGaaheneSauiiuawe eaeeds 38mWw 
(at 6.3MHz oscillation frequency) 
In low-speed Operation:---1s4ses-sestsee se seeeacseenens 300uW 
(at 32kHz oscillation frequency ) 
@ Operating temperature range «st —10 to 85°C 
APPLICATIONS 


VCRs, microwave ovens, domestic appliances, ECRs, etc. 


4. 
5 


reer er fr & 


P87/SEG, +f ~ Pig 
P86/SEGg + —- PI, 
P85/SEGs + . P29 
P84/SEG, <= [84] > P2, 
P83/SEG3 <> ++ P2. 
P82/SEG> <> (86| + P23 
P8,/SEG, > +> P24 
P89/SEGp «+ > P2s 
VEE mq oe P25 
PB; — > P2, 
Voc M38184M8-XXXFP Vss 
PBo — — Xourt 
AVss — — Xin 
Vrer — — Xcout 
P77/AN7 ++ [95 — Xon 
P76/AN, «+96 + RESET 
P75/ANs <> <— P4o/INTo 
P74/ANg «> [98] +> P4,/INT; 
P73/AN3 «> [99] <> P4./INTo2 
P72/ANo <> [10] <> P43/INT3 
a 4iisiiej[7ILsjLo) fof fia) 114] {15} [16] [17] [18] [19] 
BRBEER RRR RO RRR RRR RORERERee Ee 
r rrr & Ooryrnonvnroerk ont wr Or OF fF N + 
ZZiz2*¥*5 23225 Z ooo oO + 
<aiea 2d Sesgaaceaacaatact eles 66a5 
> BOVOO BP POS 22rerer § 
Ke yvysyw llr VOLTS ¥ 
Seppe to ae & BiuGgers a 
Q a ePanaa 
> 
(a) 
c 
Y 
~s 
ie] 
Te) 
ao 


Package type : 100P6S 
100-pin plastic molded QFP 





ae SRS 


2—209 


Ole—¢ 


DLO Ta 
IHSISNS_LIN r' 


FUNCTIONAL BLOCK DIAGRAM 


Sub Sub 





Clock Clock clock clock 
Input output input output Reset input Output port PO I/O port P1 I/O port P2 
Xin Xout Xcin Xcour RESET Vec Vss Vee 





pee eee ees eee i ia a aaa @BOHOHOO 













PU 
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Input port PB = ‘1/0 port PA I/O port P9 1/O port P8 1/O port P7 Output port P6 I/O port P5 1/O port P4 Output port P3 


FLD automatic 
display 
controller 


LD automatic 
splay controller 
bytes 
¢ 






S/O 
automatic 
tra r controller 
SI/O automatic 
transfer RAM 
32 bytes 
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M3818x Group 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





PIN DESCRIPTION 






Alternate Function 


Applies voltage supplied to pull-down resistors of ports PO, P3 and 8 







Power supply Power supply inputs 4 0 to 5 5V to Vcc, and OV to Vgs. 





Pull-down power 
input 


VrRer Analog reference Reference voltage input pin for A-D converter 
voltage input , 
Analog power supply GND input pin for A-D converter Keep at the same potential as Vss 


RESET Reset input To reset the microcomputer, this pin should be kept at an “L” level for more than 2us under high-speed operating con- 
ditions In low-speed operation start mode, internal reset is not released until the Xcin-Kcour clock has had time to sta- 
bilize. 


Clock input Input and output signals for the internal clock generation circuit. It consist of internal feedback amplifier Connect a 
ceramic resonator or quartz crystal between the X)y and Xour pins to set the oscillation frequency If an external clock ts 

Clock output used, connect the clock source to the X;y pin and leave the Xoyurz pin open This clock is used as system clock 
Main Input and output signals for the internal sub clock generation circuit It consist of internal amplifier without feedback 
Connect a ceramic resonator or quartz crystal and external feedback resistor between the Xciy and Xcour pins !f an ex- 


ternal clock Is used, connect the clock source to the Xcin pin and leave the Xcour pin open This clock can also be 
Xcout Sub clock output used as the system clock 


Output port PO An 8-bit output port The output structure is high- 
breakdown-voltage P-channel open drain with internal 
pull-down resistors connected between the output and the 
Vee pin Are “L” at reset 

P19—P17 1/O port P1 


P39/SEG,./ | Output port P3 
DIGp—P37/ 
SEGo3/DIG, 


P4)./INTo Input port P4o A 1-bit CMOS input port External interrupt input pin 


P4,/INT,— | 1/O port P4 A 7-bit CMOS I/O port with the same function as port P1, | External interrupt input pins 
P4,/INT, with CMOS compatible input levels 

P45 

P46/T lout, Timer output pin 
P47/T3o0ur 

P50/Sini, 1/O port P5 An 8-bit 1/O port with the same function as port P1 The | Serial 1/01 I/O pins 
P5;/Sourt, output structure of this port is N-channel open dratn, and 

P52/Souki1; the input levels are CMOS compatible 

P53/Srpy1/ Keep the input voltage of this port between OV and Vcc 

CS/Serki2 

P54/Sino, Serial 1/02 1/0 pins 
P5s/Souta, 

P56/Scika; 

P57/Srpy2 









Sub clock input 
















P0./DIGg— 
PO;/DIGi5 


FLD automatic display pins 





An 8-bit CMOS !t/O port An I/O direction register allows 
each pin to be individually programmed as either input or 
output At reset this port is set to input mode 

The input levels are CMOS compatible 


An 8-bit CMOS I/O port with the same function as port P1 The input levels are TTL compatible 






An 8-bit output port with the same function as port PO FLD automatic display pins 
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PIN DESCRIPTION 


P6>/PWM, 
P6,/PWM, 


P62/CNTRo, 
P63/CNTR, 













Alternate Function 


14-bit PWM output pin 
















1/O port P6 An 8-bit CMOS I/O port with the same function as port P1, 


with CMOS compatible input levels 








8-bit PWM output pin 






Event counter input pins 






































1/O port P7 An 8-bit CMOS 1/0 port with the same function as port P1, | A-D converter input pins 
with CMOS compatible input levels 
P8,/SEGo— | !/O port P8 An 8-bit 1/O port with the same function as port P1 The | FLD automatic display pins 
P87/SEG7 output structure of this port is P-channel open drain, and‘ 
the input levels are CMOS compatible Please note that 
this port does not have internal pull-down resistors 
P9,/SEGg— | I/O port P9 A 4-bit !/O port with the same function as port P1 The out4 FLD automatic display pins 
P93/SEG,, put structure of this port is P-channel open drain, and the 










input levels are CMOS compatible This port has internal 
pull-down resistors 





P9,/SEG, 2 
P97/SEG5 


PAg—PA;z 1/0 port PA An 8-bit CMOS 1/0 port with the same function as port P1, with CMOS compatible input levels 
PBo, PB, Input port PB A 2-bit CMOS input port 





Output port P9 





A 4-bit output port with the same function as port PO FLD automatic display pins 
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PART NUMBERING 


Product name M3818 0 M X - XXX FP 


Package type 
FP : 100P6S package 
FS : 100D0 package 


ROM number 
Omitted in some types 


ROM/PROM size 


: 4096 bytes 
: 8192 bytes 
: 12288 bytes 
: 16384 bytes 


: 36864 bytes 
: 40960 bytes 
- 45056 bytes 
: 49152 bytes 


: 53248 bytes 
: 57344 bytes 


: 20480 bytes 
> 24576 bytes 
: 28672 bytes 
: 32768 bytes 


The first 128 bytes and the last two bytes of ROM are reserved areas; they cannot be used 


Memory type 
M : Mask ROM version 
— : EPROM or one-time programmable version 


RAM size 

192 bytes 
. 256 bytes 
- 384 bytes 
-512 bytes 
: 640 bytes 

768 bytes 
- 896 bytes 
- 1024 bytes 


SOO RB WDM —- © 
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GROUP EXPANSION 

Mitsubishi plans to expand the M3818x group as follows: 

(1) Support for mask ROM, one-time programmable, and 
EPROM versions 


(2) ROM/PROM Size vrrrttrerrerrrrrrrtre 32K to 40K bytes 
RAM size Se ne en ee ee 640 bytes 
(3) Packages 
100P6S vere meer e eee e nee e reas ener eareensessens Plastic molded QFP 
TODD OP ere inate: Window type ceramic LCC 


Memory Expansion Plan 
ROM size (bytes) 


{ 
| | | 


Under development 


~-~--$——~—4-——-4----l-~~+-~-- 


{ 
Under development 


+ naa — 


RAM size (bytes) 





The development schedule and other details of products under development may be revised without notice 
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FUNCTIONAL DESCRIPTION 

CENTRAL PROCESSING UNIT (CPU) 

Microcomputers of the M3818x group use the standard 

MELPS 740 instruction set. Refer to the table of MELPS 

740 addressing modes and machine instructions, or the 

MELPS 740 Software Manual for details on the instruction 

set. 

Machine-resident MELPS 740 instructions are as follows: 
The FST and SLW instructions are not available for use. 


CPU MODE REGISTER 

The CPU mode register is allocated to address 003By4.. 

Bits 0 and 1 of this register are processor mode bits and 
should always be set to “0”. 

The CPU mode register contains the stack page selection 
bit. 

For details of the Xcour drivability selection bit, main clock 
stop bit, and internal system clock selection bit, see the 
section on the clock generation circuit. 


The STP, WIT, MUL and DIV instructions can be used. 


CPU mode register (CPUM : address 003B¢) 


Processor mode bits 
b1b0 
0 0 : Single-chip mode 
01 : Do not use 
1 0 : Do not use 
1 1 : Do not use 
Stack page selection bit 
0 : RAM in the zero page 's used as stack area 
1 : RAM tn page | ts used as stack area 
Xcour drivability selection bit 
0 : Low drive 
1 : High drive 
Main clock (Xin-Xour) stop bit 
0 : Operating 
1 : Stopped 
Internal system clock selection bit 
0 : Xin-Xour selected (high-speed operation mode) 
1 : Xciw-Xcour selected (low-speed operation mode) 





Fig. 1 Structure of CPU mode register 
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MEMORY 

* Special Function Register (SFR) Area 
The Special Function Register area contains registers 
which control functions such as I/O ports and timers, and 
is located in the zero page area. 

* RAM 
RAM is used for data storage as well for stack area. 

* ROM 
The first 128 bytes and the last two bytes of ROM are re- 
served for device testing and the rest is user area for 
storing programs. 

¢ Interrupt Vector Area 
The interrupt vector area contains reset and interrupt 
vectors. 


RAM capacity 
Address XXXXi¢ 
(bytes) 


023F 16 
O2BFi6 


256 
384 
768 033F 16 
896 


013F 46 
O1BFi6 


1024 


ROM capacit 
e - Address YYYYi¢ | Address ZZZZi¢ 
(bytes) 


B000%e 


C0801, 
B0801¢ 


90001 
8000 
6000. 





Fig. 2 Memory map diagram 
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¢ Zero Page 
The 256 bytes from addresses 0000;, to OOFF,. are cal- 
led the zero page area. The internal RAM and the spe- 
cial function registers (SFR) are allocated to this area. 
The zero page addressing mode can be used to specify 
memory and register addresses in the zero page area. 
This dedicated zero page addressing mode enables ac- 
cess to this area with only 2 bytes. 

* Special Page 
The 256 bytes from addresses FFO0;, to FFFF,, are cal- 
led the special page area. The special page addressing 
mode can be used to specify memory addresses in the 
special page area. This dedicated special page addres- 
sing mode enables access to this area with only 2 bytes. 


FLD automatic display RAM area 
Seriall/Oautomatictransfer RAM area 


Reserved area 


Not used 


Reserved ROM area 
(common ROM area, 128 bytes) 


Special 
Interrupt vector area page 


Reserved ROM area 
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Port P1 (P1) 
Port P1 direction register (P1D) 


Port P2 (P2) 
Port P2 direction register (P2D) 


Port P3 (P3) 


( 


Port P4 (P4) 
Port P4 direction register (P4D) 
Port P5 (P5) 
Port P5 direction register (P5D) 


Port P6 (P6) 


Port P6 direction register (P6D) 
Port P7 (P7) 
) 


Port P7 direction register (P7D 
Port P8 (P8) 

Port P9 (PQ) 

Port P9 direction register (P9D) 
Port PA (PA) 

Port PA direction register (PAD) 


Port PB (PB) 


Serial I/O automatic transfer data pointer (SIODP) 
Serial 1/01 control register (SIO1CON) 
Serial |/O automatic transfer control register (SIOAC) 
Serial 1/01 register (S101) 

Serial I/O automatic transfer interval register (SIOAI) 
Serial 1/O2 control register (SIO2CON) 


Serial 1/02 register (SIO2) 














Fig. 3 Memory map of special function register (SFR) 


/O PORTS 

* Direction Registers 
The M3818x group microprocessors have 67 programm- 
able I/O pins arranged in nine |/O ports (ports P1, P2, 
P4,-P4,, P5-P8, P99-P93 and PA ). The I/O ports have 
direction registers which determine the input/output 
direction of each individual pin. Each bit in a direction 
register corresponds to one pin, each pin can be set to 
be input or output. | 
When “0” is written to the bit corresponding to a pin, that 
pin becomes an input pin. When “1” is written to that bit, 
that pin becomes an output pin. 
lf data is read from a pin which is set for output, the value 
of the port output latch is read, not the value of the pin it- 
self. Pins set to input are floating. If a pin set to input is 
written to, only the port output latch is written to and the 
pin remains floating. 


Timer 1 (T1) 
Timer 2 (T2) 
Timer 3 (T3) 
Timer 5 (T5) 
Timer 6 (T6) 


Timer 6 PWM register (T6PWM) 


Timer 12 mode register (T12M) 
Timer 34 mode register (T34M) 
Timer 56 mode register (T56M) 
PWM control register (PWMCON) 
PWM register (upper) (PWMH) 
PWM register (lower) (PWML) 


A-D control register (ADCON) 

A-D conversion register (AD) 

Port P3 segment/digit switching register (P3SDR) 
Port PO digit/port switching register (PODPR) 
Port P8 segment/port switching register (P8SPR) 
Key-scan blanking register (KSCN) 
FLDC mode register (FLDM) 


FLD data pointer (FLDDP) 
High-breakdown-voltage port control register (HVPC) 


Interrupt edge selection register (INTEDGE) 
CPU mode register (CUPM) 
Interruot request register 1 (IREQ1) 


Interrupt request register 2 (IREQ2) 
Interrupt control register 1 (ICON1) 


Interrupt control register 2 (ICON2) 





¢ High-Breakdown-Voltage Output Ports 

The M3818x group microprocessors have four ports with 
high-breakdown-voltage pins(ports PO, P3, P8, P9). The 
high-breakdown-voltage ports have P-channel open drain 
output with a breakdown voltage of Voec— 40V. Each pin 
in Ports PO, P3, and P9 has an internal pull-down resistor 
connected to Vege. Port P8 has no internal pull-down resis- 
tors and external resistors should be used if necessary. 
At reset, the P-channel output transistor of each port latch 
is turned off, so it is forced to the level of Veg by the pull- 
down resistor. 

Writing “1” to bit O of the high-breakdown-voltage port 
control register(address 00381.) slows the transition of the 
output transistors to reduce transient noise. At reset, bit 0 
of the high-breakdown-voltage port control register is set 
to “0” (strong drive). 
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P0./SEGs— 
P03/DIG44 


PO4/SEG12— 


P07/SEGi5 


P1o—P1, 


P25— P27 


P39/SEGi6/ 
DIGig—P37/ 
SEGo;3/DIG7 


P4)./INTo 


P4,/INT,— 
P4,4/INT4 
P47/T30ur 


P5So/Sin1 ’ 





PS4/Sour1: 


P52/Scik1; 
P5S3/Srovi/ 
CS/Scik12 
P54/Sine, 
P55/Souta; 
PSe6/Sc.ika; 
P57/Srpy2 


P6o/PWMog 


P63/CNTR, 
P7>/ANo— 
P77/AN; 






























P85/SEGo— 
P87/SEG7 







































Port PO Output 
Input/output, 
Port P1 ; in P ; 
individual bits 
Port P2 Input/output, 
individual bits 
Port P3 Output 
Input 
Port P4 
Input/output, 
individual bits 
Input/output, 
Port P5 i ; aie ; 
individual bits 
SS Se 
| t/output, 
Port P6 Ear ree 
individual bits 
Input/output, 


Port P7 . ; 
individual bits 





Input/output, 
individual bits 





Port P8 





High-breakdown- 
voltage P-channel 
open-drain output 
with pull-down 
resistor 


CMOS level input 
CMOS 3-state 

output 

TTL level tnput 
CMOS 3-state output 


High-breakdown- 
voltage P-channel 
open-drain output 
with pull-down 
resistor 


CMOS level input 


CMOS level input 
CMOS 3-state output 


CMOS level input 
N-channel 
open-drain output 





FLD automatic 
display function 





FLD automatic 
display function 


External interrupt 
input 
External interrupt 
| input 


Timer output 


Serial 1/01 function 
I/O 


Serial 1/02 function 
1/O 





CMOS level input 
CMOS 3-state output 


CMOS level input 
CMOS 3-state output 
CMOS level input 
High-breakdown- 
voltage P-channel 
open-drain output 
without pull-down 
resistor 








register 


| 


Diagram 
Name | Input/Output 1/O Format Non-Port Function Related SFRs 







FLDC mode register 
High-breakdown- 
voltage port control 
register 

FLDC mode register 
Digit/port switching 



















register 
High-breakdown- 

voltage port control 
register 











14-bit PWM output 


8-bit PWM output 
fo 





External count input 







A-D converter input 








(3) 
FLDC mode register 
Segment/digit 
switching register (4) 
High-breakdown- 
voltage port control 
register 
Interrupt edge (5) 
selection register 
Interrupt edge 6) 
selection register 

(3) 
Timer 12 mode register 7) 
Timer 34 mode register 
Serial 1/01 control (8) 
register 
Serial 1/O automatic 
transfer control 

(10) 

(8) 
Serial 1/O2 control (9) 
register 

(10) 
PWM control register 
PWML register (11) 
PWMH register 
Timer 56 mode register (7) 
Timer 6 PWM register 
interrupt edge (6) 
selection register 

(3) 


















A-D control register 





FLD automatic 
display function 





Note. Make sure that the input level at each pin is either OV or Vcc during execution of the STP instruction 
If an input level is at an intermediate potential, a current will flow in the input-stage gate 








FLDC mode register 
Segment/port 
switching register 
High-breakdown- 







voltage port control 
registor 
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Diagram 
Input/Output 1/0 Format Non-Port Function Related SFRs N 
Oo. 


CMOS level input 
High-breakdown- 
voltage P-channel 
open-drain output 
with pull-down 

resistor 
High-breakdown- 
voitage P-channel 












































P99/SEGs— 
P9./SEG, 1 


Input/output, 
individual bits 









FLDC mode register 


Port PQ FLD automatic High-breakdown- 
display function voltage port control 


registor 
P97/SEGi45 
CMOS level input 


PAg— PA; Port PA (3) 
CMOS 3-state output 










P9,/SEGi2— 







Output open-drain output 


with pull-down 










resistor 






Input/output, 
individual bits 
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(1) Port POo-PO3 (2) Port PO,-P0, 
Shift signal from previous stage 


ig D/P switching register 
4 


Dimmer signal —>o p 










Data bus 
Data bus 





4 





Blanking 
Shift signal to next stage Vee register 
Shift signal to next stage Vee 
(3) Port P1, P2, P4s, P64- P67, PA (4) Port P3 
Shift signal from previous stage j 


Direction 
register 


Port latch 


Blanking 
register 














Data bus 





Data bus 







Local data 
bus 


7 ~ Port latch 7 
4 


Vee 


Shift signal to next stage 





4 


(6) Port P4,-P4,, P6., P63 
register 


Port latch 


(5) Port P49 


Data bus 













INTo interrupt pale: Dus 
request 


INT,-INT, interrupt request 
(7) Port P4., P47, P6, CNTRo, CNTR; or timer 4 =< 


Timer 1 output selection bit external clock input 
Timer 3 output selection bit 
Timer 6 output selection bit 


4 














(8) Port P59, P5.4 


Data bus 


Data bus 


Timer | output selection bit 
Timer 3 output selection bit 
Timer 6 output selection bit 


* ° High-breakdown-voltage P-channel transistor 





t 
Note. The dimmer signal sets the Toff timing 


Fig. 4 Port block diagram (1) 
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(9) Port P5,, PSs, P5s, P5¢ (10) Port P53, P57 
Scay output selection bit 






Output-off control signal 
Serial |/O port selection bit 





Data bus 
Data bus 


Serial clock input 


P5.,P5g only 


(11) Port P6 (12) Port P7 


PWM output enable bit 


Data bus 


Data bus 


4 


A-D converter input 





PWM output 


(13) Port P8 (14) Port P9,-P9z 









Dimmer signal —»o 











Local data Direction 
bus poe data register 
Data bus Bala bus Port latch Js 
Vee 
(15) Port P94-P97 (16) Port PB 
Data bus —__—_——_<}-o 
Local data 
bus 
Data bus 
Vee 
* : High-breakdown-voltage P-channel transistor 
Note. The dimmer signal sets the Toff timing 
Fig. 5 Port block diagram (2) 
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INTERRUPTS ¢ Interrupt Operation 
A total of 18 source can generate interrupts: 5 external, 12 When an interrupt is received, the program counter and 
internal, and 1 software. processor status register are automatically pushed onto 
¢ Interrupt Control the stack. The interrupt disable flag is set to inhibit other 
Each interrupt is controlled by its interrupt request bit, its interrupts from interfering. The corresponding interrupt 
interrupt enable bit, and the interrupt disable flag except request bit is cleared and the interrupt jump destination 
for the software interrupt set by the BRK instruction. An address is read from the vector table into the program 
interrupt is generated if the corresponding interrupt re- counter. 
quest and enable bits are “1” and the interrupt disable * Notes on Use 
flag is “O”. If you will change interrupt edge selection from rising 
Interrupt enable bits can be set or cleared by software. edge to falling edge, interrupt request bit will be set to 
Interrupt request bits can be cleared by software, but “1” automatically. Therefore, please make following pro- 
cannot be set by software. cess; 
The | flag disables all interrupts except for the BRK in- (1) Disable INT which is selected. 


(2) Change INT edge selection. 
(3) Clear interrupt request which is selected. 
(4) Enable INT which is selected. 


struction interrupt. 


Table 1. Interrupt vector addresses and priorities 


Interrupt Cause 


Reset (Note 2) 


INTo 










Vector Address (Note 1) 






Interrupt Request 
Generation Conditions 





Priority 





At reset _| Non-maskable 


























At detection of either rising or | External interrupt (active edge 
falling edge of INTo input selectable) 

















At detection of either rising or | External interrupt (active edge 
falling edge of INT, input selectable) 








At detection of either rising or | External interrupt (active edge 
falling edge of INT» input selectable) 



















Valid when serial 1/O normal 
At end of data transfer 
mode ts selected 


ee meee wt ee cee ew cee tweet wee teen come esens leone were chee corer sere eeerresarraeersaves 


Valid when serial I/O automa- 
tic transfer mode ts selected 









Cem emer err anrerranrereseorsavere 


Serial [/O automa- 
tic transfer 


Timer 4 






















At end of final data transfer 









At end of data transfer 
At timer 1 overflow 
















ae 














At timer 2 overflow STP release timer overflow 








At timer 3 overflow 








At timer 4 overflow 
At timer 5 overflow 






At timer 6 overflow 














At detection of either rising or | External interrupt (active edge 
falling edge of INT3 input selectable) 

At detection of either rising or | External interrupt valid when INT, inter- 
falling edge of INTs input |: rupt 's selected (active edge selectable) 


Valid when A-D interrupt is 
selected 


Valid when FLD blanking inter- 
At fall of final digit 
- 15 FFE116 FFEQ16 Vee ane te eee "| Valid when FLD digit interrupt 
FLD digit is selected 


BRK instruction FFDDi6 FFDCi¢ At BRK instruction execution Non-maskable software interrupt 


Note 1. Vector addresses contain interrupt jump destination addresses 
2. Reset function in the same way as an interrupt with the highest priority 



















At end of A-D conversion 
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Interrupt request bit 


Interrupt enable bit 


Interrupt disable flag(1) 


BRK instruction Interrupt request 
Reset 





Fig.6 Interrupt control 


Interrupt edge selection register 
(INTEDGE : address 003Aj6) 


INT, active edge select bit 
INT, active edge select bit 
INT, active edge select bit 
INT, active edge select bit 
INT, active edge select bit” 
INT,/A-D conversion : INT, interrupt 
interrupt switching bit | : A-D interrupt 


: Falling edge active 
: Rising edge active 


CNTRo active edge select bit : Count at rising edge 
CNTR, active edge select bit : Count at falling edge 


0 
(IREQ1 : address 003C46) (IREQ2 : address 003D,¢) 


INTo interrupt request bit Timer 4 interrupt request bit 
INT, interrupt request bit Timer 5 interrupt request bit 
INT, interrupt request bit Timer 6 interrupt request bit 


INT3 interrupt request bit 
Serial 1/O1 interrupt request bit, or 


Serial |/O automatic transfer INT, interrupt request bit, or 
interrupt request bit A-D conversion interrupt request bit 





Serial |/O2 interrupt request bit FLD blanking interrupt request bit, or 
Timer 1 interrupt request bit FLD digit interrupt request bit 
Timer 2 interrupt request bit Not used (returns “0” when read) 
Timer 3 interrupt request bit 0 : No interrupt request issued 

| : Interrupt request issued 


0 
interrupt control register 1 Interrupt control register 2 
(ICON1 : address 003E,¢) (ICON2 : address 003F,¢) 


INT, interrupt enable bit Timer 4 interrupt enable bit 
INT, interrupt enable bit Timer 5 interrupt enable bit 
INT. interrupt enable bit Timer 6 interrupt enable bit 


INT; interrupt enable bit 
Serial 1/01 interrupt enable bit, or 


Serial !|/O automatic transfer INT, interrupt enable bit, or 
interrupt enable bit A-D conversion interrupt enable bit 





Serial {/O2 interrupt enable bit FLD blanking interrupt enable bit, or 
——————— Timer 1 interrupt enable bit FLD digit interrupt enable bit 
oe cee Timer 2 interrupt enable bit Not used (returns “0” when read) 
a = Timer 3 interrupt enable bit Not used 
(do not write “1” to this bit) 
0 : interrupts disabled 
| : Interrupts enabled 








Fig. 7 Structure of interrupt-related registers 
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TIMERS 
Microcomputers of the M3818x group have six built-in 
timers. The timers count down. Once a timer reaches 0046, 
the next count pulse loads the contents of the correspond- 
ing timer latch into the timer, and sets the corresponding 
interrupt request bit to 1. Each timer also has a stop bit that 
stops the count of that timer when it is set to “1”. 
Note that the system clock ¢can be set to either high- 
speed mode or low-speed mode by the CPU mode reg- 
ister. 
¢ Timer 1 and Timer 2 
The count sources of timer 1 and timer 2 can be selected 
by setting the timer 12 mode register. 
Timer 1 can also output a rectangular waveform from the 
P4./T1our pin. The waveform changes polarity each time 
timer 1 overflows. 
The active edge of the external signal CNTR, can be set 
by the interrupt edge selection register. 
When the chip is reset or the STP instruction is executed, 
all bits of the timer 12 mode register are cleared, timer 1 
is set to FF,., and timer 2 is set to 0146. 


Timer 3 and Timer 4 

The count sources of timer 3 and timer 4 can be selected 
by setting the timer 34 mode register. 

Timer 3 can also output a rectangular waveform from the 
P47/T3o0ur pin. The waveform changes polarity each time 
timer 3 overflows. 

The active edge of the external signal CNTR, can be set 
by the interrupt edge selection register. 


Timer 5 and Timer 6 

The count sources of timer 5 and timer 6 can be selected 
by setting the timer 56 mode register. 

Timer 6 can also output a rectangular waveform from the 
P6,/PWM, pin. The waveform changes polarity each time 
timer 6 overflows. 


Timer 6 PWM, Mode 

Timer 6 can also output a rectangular waveform of n 
cycles high and m cycles low. The n is the value set in 
timer latch 6 (address 0025,¢) and m is the value in the 
timer 6 PWM register (address 0027,,). If n is “O”, the 
PWM, output is “L”, if m is “O” and n is not “O”, then the 
PWM, output is “H”. In PWM mode, interrupts are gener- 
ated at the rising edge of the PWM, output. 
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Data bus 










Timer 1 : 
x coun — 
cin C) > intervial system Sores Timer u latch (8) RESET 






“1” selection bit ee 
O 


€ STP instruction 


Timer 1 interrupt request 


clock selection 


bit 
“9” 


P46/Tlout C ) @ BP P4, latch 


< 


Timer 1 output 
selection bit 


P4, direction register 








0 > Timer el | 
“0” Timer 1 aman 


count stop 
bit 







Xin 





Timer 2 latch (8) 


selection bit ay 







Timer 2 interrupt request 





“19” Timer 2 
count stop 


Rising/falling 
pe | 


Timer 3 interrupt request 


P47/T30ut C a iB P4, latch 


o 


Timer 3 output 
selection bit 


P4, direction register 











count 
source 
selection bit 






Timer 4 interrupt request 





“10” Timer 4 
count stop 


P63/CNTRi > Rising/falling bit 


edge switch 






Timer 5 
count 


Sores Timer 5 latch (8) 
selection bit 
>. Timer 5 (8) A 


“O" Timer 5 
count stop bit 

















“y ” 
: Timer 5 interrupt request 







Timer 6 
count 
source 






Timer 6 latch (8) 










“01"} selection bit 
“997° ~O >. Timer 6 (8) Timer 6 interrupt request 
“190” Timer 6 nome 
count stop 
bit 
Timer 6 PWM register (8) 
P6,/PWM; ©) Cte<} P6, latch 
Bi "5 
“ ae 
0" oN/2 


Timer 6 output 
selection bit Timer 6 operation 


mode selection bit 


P6, direction register 


Fig. 8 Timer block diagram 
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Timer 12 mode register 
(T12M : address 0028,¢) 


Timer 1 count stop bit 
0 : Operating 
1 : Stopped 
Timer 2 count stop bit 
0 : Operating 
1 : Stopped 
Timer 1 count source selection bit 
0 : f(Xin) or f(Xcin) divided by 16 
1 2 f(Xow) 
Timer 2 count source selection bits 


: Overflow from timer 1 
> f(Xoin) 
: External count input CNTR, 
: Do not use 
Timer 1 output selection bit (P4,) 
0 : 1/0 port 
1 : Timer 1 output 


Timer 56 mode register 
(T56M : address 002A.) 


Timer 5 count stop bit 
0 : Operating 
1 : Stopped 

Timer 6 count stop bit 
0 : Operating 
1 : Stopped 

Timer 5 count source selection bit 
O < f(Xin) or f(Xcin) divided by 16 
1° Overflow from timer 4 

Timer 6 operation mode selection bit 
0 : Timer mode 
1 : PWM mode 

Timer 6 count source selection bits 
bd b4 
00 : f(Xiw) or f(Xcow) divided by 16 
0 1 : Overflow from timer 5 
1 0 : Overflow from timer 4 
1 1 : Do not use 

Timer 6 (PWM,) output selection-bit (P6,) 
0 : 1/O port 
1 : Timer 6 output 





Timer 34 mode register 
(T34M : address 0029;¢) 


Timer 3 count stop bit 
QO : Operating 
1 : Stopped 
Timer 4 count stop bit 
0 : Operating 
1 : Stopped 
Timer 3 count source selection bit 
0: f( Xin) or f(Xcin) divided by 16 
1 : Overflow from timer 2 
Timer 4 count source selection bits 
b5 b4 
00 : f(Xin) or f(Xcw) divided by 16 
0 1 : Overflow from timer 3 
1 0 : External count input CNTR, 
1 1 : Do not use 
Timer 3 output selection bit (P4,) 
0 : I/O port 
1 : Timer 3 output 


, 


Fig. 9 Structure of timer-related registers 


Timer 6 
count source 


Timer 6 
PWM mode 


Vv V 


Timer 6 interrupt request Timer 6 interrupt request 


Note. If the value set in timer 6 ts n and the value set in the timer 6 PWM register is m, a PWM waveform with 
duty cycle n/(n+m) and period (n+m) Xtgs is output (where is ts the frequency of the timer 6 count source) 





Fig. 10 Timing in timer 6 PWM, mode 
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SERIAL I/O Serial |/O2 can only be used in normal operation mode. 
Microcomputers of the M3818x group have two built-in 8-bit The I/O pins of the serial |/O function also operate as |/O 
clock synchronized serial I/O channels (serial 1/O1 and se- port P5, and their operation is selected by the serial I/O 
rial 1/02). control registers (addresses 001915 and 001D,.). 


Serial 1/01 has a built-in automatic transfer function.Normal 
serial operation can be set via the serial I/O automatic 
transfer control register (address 001Aj,). 


Main data Local data 


Main Local ; 
address bus address bus Seer bus bus : 
(010046 to 011F i, ‘ 


SI/O automatic 
transfer data 
pointer 




















Address decoder 


SI/O automatic 
transfer 
controller 


Serial |1/O automatic 
transfer interrupt request 


Xo O Internal SI/O automatic transfer 
! t 
system clock interval register 


1 y selection bit Frequency divide 


O 1/4 
Xin O-=O 1/2 /4]T/8]1 16 
IN MS «Qn P5, latch SS \Ssct, 


1/4f-o SC12 
O 








Synchronization 
clock selection 
bit 


P53/ 
53 Sroy1 Sroy1 Synchronization 


(C8/Scix12 i 
Seik12 
as External clock 
P5, latch 
*Q” x, 
P52/Scik11 O <4 4 


Serial 1/01 port selection bit 











Serial 1/01 


Serial 1/O counter 1(3} 
interrupt request 


ity ” 


4 Ow- P5, latch 
P5,/Sourt 0 


* ” 
Serial |/O1 port selection bit ae a7 
P5o/Sin1 O Serial 1/O shift register 1(8) 


(t———-—- 





Bisbee Frequency divider 


©) 
Synchronization {1/2 {1/4 11/8! 41/16 
P5; latch y . x x SC2, 


“OQ” clock selection 
aaa x — bit “V0 e o 6SC2, 
P57/Srapy2 14 RDY2 fSynchronizatio O 
a 
cwcul e 





Sapy2 output selection bit “a” 
P5./S es P5z latch S 
6 CLK2 , 
“4” Ox erial 1/O counter 2(3) Serial 1/02 


Serial 1/02 port selection bit interrupt request 


“Q” 
P55/Soure2 O ge, = P56 latch 


aan () 


Serial 1/O2 port selection bit 
P54/Sin2 Qu trtrer—r——r— Serial 1/O shift register 2(8) 


Note. Selection is by the synchronization clock selection bit, the Sapy; output selection bit, and the serial 1/01 port selection bit of the serial 1/01 
control register, and the automatic transfer control bit and synchronization clock output pin selection bit of the serial 1/O automatic transfer 
control register 


Fig. 11 Serial 1/O block diagram 
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(Serial I/O Control Registers) SIO1CON, SIO2CON 
Each of the serial |/O control registers (addresses 001916 
and 001D,,) contains seven bits that select various control 
parameters of the serial |/O function. 


Serial !/O1 control register (SIO1CON(SC1) : address 00194.) 


Internal synchronization clock selection bits 
b2 bi b0 
000: (Xin) or (Xen) divided by 8 

(Xin) or f( Xow) divided by 16 
> £(Xin) or f(Xciw) divided by 32 

f(Xiy) or f(Xciw) divided by 64 

f(Xin) or f(Xcin) divided by 128 

> f(Xin) or f(Xcin) divided by 256 

Serial 1/01 port selection bit (P5,, P52, and P5,*) 
0 ‘1/0 port 
1: Sout, Scrki1, and Seixi2™ signal pins 

Srpy1 output selection bit (P53) 

0 : 1/0 port 
1 : Sapyi/CS* signal pin 

Transfer direction selection bit 
O : LSB first 
1 : MSB first 

Synchronization clock selection bit 
0 : External clock 
1 = Internal clock 


- - OC OO 
— oe = — OE 
_-—- Oo -—- oO — 





Serial |/O2 control register (SIO2CON(SC2) : address 001D4¢) 


Internal synchronization clock selection bits 


b2 bl bd 
000 : (Xin) or f(Xcin) divided by 8 
001 : £(Xw) or f(Xcin) divided by 16 
010 :f(Xiw) or f(Xcin) divided by 32 
011 : €(Xw) or f(Xcw) divided by 64 
11.0 2 (Xin) or f(Xcw) divided by 128 
111 2 (Xin) or f(Xciw) divided by 256 


Serial 1/02 port selection bit (P5, and P5¢.) 
0 ‘1/0 port 
abe Soute and Scix2 signal pins 
Srpy2 output selection bit (P57) 
0 : I/O port 
ile Srapy2 signal pin 
Transfer direction selection bit 
O : LSB first 
1 | MSB first 
Synchronization clock selection bit 
QO : External clock 
1 : Internal clock 





* : Valid only in serial 1/O automatic transfer mode 
\ 


Fig. 12 Structure of serial 1/O control registers 





a ¢ MITSUBISHI 


MITSUBISHI MICROCOMPUTERS 


M3818 x Group 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





(1) 


Operation in Normal Serial 1/O Mode 

Either an internal clock or an external clock can be 
selected as the synchronization clock for serial |/O 
transfer. A dedicated divider is built-in as the internal 
clock, giving a choice of six clocks. 

lf internal clock is selected, transfer start is activated 
by a write signal to a serial 1/O register (address 
001B,, or 001F1¢). After eight bits have been transfer- 
red, the Sour pin goes to high impedance. 


Synchronization 
clock 


Transfer clock 


Serial I/O register 
write signal 


Serial I/O output 
Sout 


Serial {/O input 
Sin 


Receive enable 
signal 


Savy 


Note. If internal clock is selected, the Sour pinis at high impedance 


after transfer ends 





Fig. 13 Serial 1/O timing in normal mode (for LSB first) 


(2) 


Serial 1/O Automatic Transfer Mode 

The serial 1/01 function has an automatic transfer func- 
tion. For automatic transfer, switch to the automatic 
transfer mode by setting the serial |/O automatic trans- 
fer control register (address 001Aj,). 

The following memory spaces are added to the circuits 
used for the serial 1/O1 function in ordinary mode, to 
enable automatic transfer mode: 

¢ 32 bytes of serial 1/O automatic transfer RAM 

¢ A serial 1/O automatic transfer control register 

¢ A serial |/O automatic transfer interval register 

* A serial 1/O automatic transfer data pointer 

When using serial |1/O automatic transfer, set the serial 
|/O control register (address 0019;,) in the same way 
as for ordinary mode. However, note that if external 
clock is selected and bit 4 (the Spy; output selection 
bit) of the serial |/O1 control register is set to “1”, port 
P53 becomes the CS input pin. 


(Serial /O Automatic Transfer Control Register) 
SIOAC 

The serial |1/O automatic transfer control register (address 
001A;¢) contains four bits that select various control para- 
meters for automatic transfer. 





If external clock is selected, the clock must be control- 
led externally because the contents of the serial |/O 
register continue to shift while the transfer clock is in- 
put. In this case, note that the Sour pin does not go to 
high impedance at the completion of data transfer. The 
interrupt request bit is set at the end of the transfer of 
eight bits, regardless of whether the internal or exter- 
nal clock is selected. 


(Note) 


Interrupt request bit set 


Serial |/O automatic transfer control register 
(SIOAC : address 001Ai,) 


Automatic transfer control bit 
Q : Ordinary serial mode 
(serial 1/O1 interrupt) 
1 : Automatic transfer mode 
(serial 1/O1 automatic transfer interrupt) 
Automatic transfer start bit 
0 : Transfer end 
1 : Transferring(start of 1 write) 
Transfer mode switching bit 
0 . Fullduplex(transmit and receive) 
mode 
1: Transmit-only mode 
— Synchronization clock output 
pin selection bit 


0: Seiki 


1° Setxi2 


Fig. 14 Structure of serial |/O automatic transfer 


control register 
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(Serial /O Automatic Transfer Data Pointer) SIODP 
The serial 1/O automatic transfer data pointer (address 
0018,,¢) contains five bits that indicate addresses in serial 
1/O automatic transfer RAM (each address in memory is 
actually the value in the serial I/O automatic transfer data 
pointer plus 0100¢). 
Set the serial |/O automatic transfer data pointer to (the 
number of transfer data—1), to specify the storage position 
of the start of data. 
¢ Serial I/O Automatic Transfer RAM 
The serial 1/O automatic transfer RAM is the 32 bytes 
from address 0100,, to address 011 F46.. 


Addres: .G 
010016 


fast 
eed! 
o10t me 


Fig. 15 Bit allocation of serial 1/O automatic transfer RAM 


Transfer clock 


Serial 1/O output 





* Setting of Serial 1/O Automatic Transfer Data 
When data is stored in the serial |/O automatic transfer 
RAM, it is stored with the start of the data at the address 
set by the serial |/O automatic transfer data pointer and 
the end of the data at address 0100j.. 


(Serial 1/0 Automatic Transfer Interval Register) 
SIOAI 

The serial |/O automatic transfer interval register (address 
001C,.) consists of a 5-bit counter that determines the 
transfer interval Ti during automatic transfer. 

If a value n is written to the serial |1/O automatic transfer in- 
terval register, a value of Ti= (n+2) X Tc is generated, 
where Tc is the length of one bit of the transfer clock. 
However, note that this transfer interval setting is only valid 
when internal clock has been selected as the clock source. 


Sour (Oz KDOs ADO. KDOs X Dc X DOr) 


Serial 1/O input 
eciineiciaatiuneneae 
Sin 


1 byte data 


Fig. 16 Serial |/O automatic transfer interval timing 


ee 
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¢ Setting of Serial |1/O Automatic Transfer Timing 
Use the serial 1/O1 control register (address 0019,,¢) and 
the serial I/O automatic transfer interval register 
(address 001C,,) to set the timing of serial 1/O automatic 
transfer. 
The serial 1/01 control register sets the transfer clock 
speed, and the serial |/O automatic transfer interval reg- 
ister sets the serial |1/O automatic transfer interval. 
This setting of transfer interval is valid only when internal 
clock is selected as the clock source. 

¢ Start of Serial 1/O Automatic Transfer 
Automatic transfer mode is set by writing “1” to bit 0 of 
the serial |/O automatic transfer control register (address 
001A,,¢), then automatic transfer starts when “1” is written 
to that bit. Bit 1 of the serial 1/O automatic transfer control 
register is always “1” during automatic transfer; writing 
“Q” to it is one way to end automatic transfer. 

¢ Operation in Serial |1/O Automatic Transfer Modes 
There are two modes for serial 1/O automatic transfer: full 
duplex mode and transmit-only mode. Either internal or 
external clock can be selected for each of these modes 


Transfer direction selection bit 
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(2.1) Operation in Full Duplex Mode 

In full duplex mode, data can be transmitted and received 
at the same time. Data in the automatic transfer RAM is 
sent in sequence and simultaneously receive data is written 
to the automatic transfer RAM, in accordance with the serial 
1/O automatic transfer data pointer. 

The transfer timing of each bit is the same as in ordinary 
operation mode, and the transfer clock stops at “H” after 
eight transfer clocks are counted. If internal clock is 
selected, the transfer clock remains at “H” for the time set 
by the serial 1/O automatic transfer interval register, then 
the data at the next address indicated by the serial |/O 
automatic transfer data pointer is transferred. If external 
clock is selected, the setting of the automatic transfer inter- 
val register is invalid, so the user must ensure that the 
transfer clock is controlled externally. 

Data transfer ends when the contents of the serial |/O auto- 
matic transfer pointer reach “00,,”. At that point, the serial 
1/O automatic transfer interrupt request bit is set to “1” and 
bit 1 of the serial |/O automatic transfer control register is 
cleared to “0” to complete the serial |1/O automatic transfer. 


(2.2) Operation in Transmit-Only Mode 

The operation in transmit-only mode is the same as that in 
full duplex mode, except that data is not transferred from 
the serial 1/01 register to the serial |1/O automatic transfer 
RAM. 


LSB first (SC1;=0) : MSB LSB 


MSB first (SC1,=1) : LSB MSB 


‘ 


Transfer clock 


Fig. 17 Serial 1/O1 register in full duplex mode 


Per] 204] 80s] 204] 205] 6/001] 004 


Sin Sout 
~ [fe [po] es [5605600] 
— [feo] [s6[ feo) 0] — 
— [aos] |o= e0]oeeo]e=] — 


SCSESCSCIESCIES 


Serial 1/01 register 
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(2.3) If Internal Clock is Selected 

If internal clock is selected, the P53/Srpyi/CS/Scrki2 pin 
can be used as the Srpy; pin by setting the SC1, bit to “1”. 
If internal clock is selected, the P53 pin can be used as the 
synchronization clock output pin Sc.ixi2 by setting the 
SIOAC3 bit to “1”. In this case, the Soix14 pin is at high im- 
pedance. 

Select the function of the P53/Sapyi/CS/Sciki2 and P5>/ 
Scixii pins by setting bit 3 (SC13), bit 4 (SC1,), and bit 6 
(SC1.) of the serial 1/01 control register (address 0019.) 
and bit 3 (SIOAC3) of the serial [/O automatic transfer con- 
trol register (address 001A,,). (See Table 2.) 


Serial 1/O automatic transfer 
control register 
bit 1 write signal 


Serial 1/O automatic transfer 
control register bit 1 

Write signal from RAM to 
serial 1/01 register 

Write signal from serial 1/01 
register to RAM 


Data pointer 


Transfer clock 


(internal or Scoix output) 
Receive 
enabled signal 


Sarpy 


lf using the Seiki; and Scixi2 pins for switching, set the 
P53/Sranyi/CS/Scrki2 pin to P53 by setting the SC1, bit to 
“0”, and set the P53 direction register to input mode. 

Make sure that the SIOAC3; bit is switched after automatic 
transfer is completed, while the transfer clock is still “H”. 


Table 2. Sciki11 and Scik12 selection 


Poo | Seu | PSs 
1 1 High 
Scorki2 
impedanse \ 


Note. SC13 : Serial 1/01 port selection bit 
SC1,4 : Sapy; Output selection bit 
SC1, : Synchronization clock selection bit 
SIOAC3 : Synchronization clock output pin selection bit 




















Serial 1/O output ~ — ~ ~— (BOBO, KOO KOO KOO KOO; KOO. KOO) 


Sout 


Serial 1/O input 
Sin 


Serial I/O automatic transfer 
control register 
bit 1 write signal 


Ra | Sa neeneneeeee rr ens ed ne even 


Serial 1/O automatic tanster — [—-.-€00—" = 


control register bit 1 
Write signal from RAM to 
serial [1/01 register. 


rere eS 


Write signal from serial PO a i “ 
register to RAM 
Data pointer —m Seen ae oe — x: m- 


SIOAC3 


Transfer clock 
(internal) 


Serk11 Output 


Scik12 Output 


Serial 1/O output 


Sour 7 ~~ KOCK OO NEO MOO KOO MOO KOON OO — — — Ki 


Serial 1/O input 
Sin 





Transfer interval 





Fig. 19 Timing during serial I/O automatic transfer (internal clock selected, So.ki1 and Scixi2 used) 
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(2.4) If External Clock is Selected 

If an external clock is selected, the internal clock and the 
transfer interval set by the serial I/O automatic transfer in- 
terval register are invalid, but the serial |/O output pin Sour 
and the internal transfer clock can be controlled from the 
outside by setting the Srpy; and CS (input) pins. 

When the CS input is “L”, the Sour pin and the internal 
transfer clock are enabled. When the CS input is “H”, the 
Sour pin is at high impedance and the internal transfer 
clock is at “H”. 

Select the function of the P53/Srpyi/CS/Seixi2 pin by set- 
ting bit 4 (SC1,4) and bit 6 (SC1,) of the serial 1/01 control 
register (address 0019,¢) and bit 0 (SIOAC ) of the serial 
I/O automatic transfer control register (address 001Aj¢). 
Make sure that the CS pin switches from “L” to “H” or from 
“H” to “L” while the transfer clock (Sci, input) is “H” after 
one byte of data has been transferred 

If external clock is selected, make sure that the external 
clock goes “L” after at least nine cycles of the internal sys- 
tem clock ¢ after the start bit is set. Leave at least 11 cy- 
cles of the system clock ¢ free for the transfer interval after 
one byte of data has been transferred. 


Serial |/G automatic transfer 
control register 
bit 1 write signal 


Serial |/O automatic transfer 
control register bit 1 

Write signal from RAM to 
serial |/O1 register 

Write signal from serial !/O1 
register to RAM 


Data pointer 


External input 
CS 


Transfer clock 
Scix Input 

| 
Transfer clock 


(internal) 
| 


If CS input is not being used, note that the Sour pin will not 
go high impedance, even after transfer is completed. 

lf CS input is not being used, or if CS is “L”, control the ex- 
ternal clock because the data in the serial |/O register will 
continue to shift while the external clock is input, even after 
the completion of automatic transfer. (Note that the automa- 
tic transfer interrupt request bit is set and bit 1 of the auto- 
matic transfer register is cleared at the point at which the 
specified number of bytes of data have been transferred.) 


Table 3. P53/Srpy:/CS selection 


cs 


Note. SC1,4 : Sapy: output selection bit 
SC1., : Synchronization clock selection bit 
SIOAC, : Automatic transfer control bit 





| | 
See eeu, ~ XX_YOONDO MIO NTO NOO HOO NOON? 9 - 
| 


Sertai 1/O input 





4 (BLK DL XOXO XDEXOLNDEXOEX XXX KKK AXE 


Note. Data marked with X ts invalid 


Fig. 20 Timing during serial |/O automatic transfer (external clock selected) 
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PULSE WIDTH MODULATION (PWM) 
OUTPUT CIRCUIT 

Microcomputers of the M3818x group have a PWM function 
with a 14-bit resolution. When the oscillation frequency Xn 
is 4MHz, the minimum resolution bit width is 500ns and the 
cycle period is 8192us. The PWM timing generator sup- 
plies a PWM control signal based on a signal that is half 
the frequency of the X;, clock. 


( Set to 1 at ) 
write 


~ fe 


2 


PWMH register 
(address 002Cj,) 


PWM latch(14bits) 


The explanation in the rest of this data sheet assumes X,y= 
4MHz. 


PWML register(address 002D,,) 


jee] tt feo 


wo} | | tt tt tt tt tbe 
De a ee ee ee 


14-bit PWM circuit 


PWM 


timing 
generator 


Xin 
(4MHz) 


Fig. 21 PWM block diagram 


(1284s period) 


(8192us period) 





P6, latch 
P69/PWMo 


PWM output 
selection bit 
PWM output 
selection bit 


P65 direction 
register 
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(1) Data Set-up | 

The PWM output pin also functions as port P69. Set port P6, 
to be the PWM output pin by setting bit 0 of the PWM 
mode register (address 002B,,). The upper eight bits of 
output data are set in the upper PWM register PWMH 
(address 002C,,) and the lower six bits are set in the lower 
PWM register PWML (address 002D,.). 


(2) Transfer From Register to Latch 

Data written to the PWML register is transferred to the 
PWM latch once in each PWM period (every 8192us), and 
data written to the PWMH register is transferred to the 
PWM latch once in each sub-period (every 128us). When 
the PWML register is read, the contents of the latch are 
read. However, bit 7 of the PWML register indicates 
whether the transfer to the PWM latch is completed; the 
transfer is completed when bit 7 is “0”. 


Table 4. Relationship between lower 6 bits of data and 
period set by the ADD bit 


m=32 

m=16, 48 

m= 8 , 24, 40,56 

m= 4,12, 20, 28, 36, 44, 52, 60 

m= 2, 6,10, 14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62 
M=1, 3,5, 74 cc ,57, 59, 61, 63 










Sub-periods tm Lengthened (m =0 to 63 





















8192us 


128us 


31.5us 31.5us 31.5us 32.0us 


00111111 
000101 


Pulse width modulation register H : 
Pulse width modulation register L : 
Sub-periods where “H” pulse width ts 32us : 

Sub-periods where “H” pulse width is 31.5us : 


Fig. 22 PWM timing 


(3) PWM Operation 

The timing of the 14-bit PWM function is shown in Fig. 24. 
The 14-bit PWM data is divided into the lower six bits and 
the upper eight bits in the PWM latch. 


The upper eight bits of data determine how long an “H’- 
level signal is output during each sub-period. There are 64 
sub-periods in each period, and each sub-period is 256 X 
Tt (128s) long. The signal is “H” for a length equal to N 
times T, where T is the minimum resolution (500ns). 


The contents of the lower six bits of data enable the leng- 
thening of the high signal by tT (500ns). As shown in Fig. 21, 
the six bits of PWML determine which sub-cycles are leng- 
thened. 

As shown in Fig. 24, the leading edge of the pulse is leng- 
thened. By changing the length of specific sub-periods in- 
stead of simply changing the “H” duration, an accurate 
waveform can be duplicated without the use of complex ex- 
ternal filters. 


For example, if the upper eight bits of the 14-bit data are 
03,6 and the lower six bits are 05;.¢, the length of the “H’- 
level output in sub-periods tg, to4, tg2, tao, and tsg is 47, and 
its length 3T in all other sub-periods. 


m=8, 24, 32, 40, 56 
m=all other values 
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PWM mode register (address 002B;¢) 


P69/PWM output selection bit 
0 :1/O port 
1 > PWM output 





Fig. 23 


Structure of PWM mode register 


Data 6A, stored at address 002Ci, Data 7B, stored at address 002Ci, 
PWMH 
jeuietat 5916 7Bre 
Data 24,, stored| at address 002D4, Bit 7 cleared after transfer Data 35;, stored at address 002D;., 
ee ee | 2416 ee 


Transfer from register to latch Transfer from register to latch 


Aat 16534) 8 1A93;¢ 1AA4;6 1EE4,, 1EF5i¢ 


T=8192 When bit 7 of PWML ts 0, transfer 
givens from register to latch is disabled 
(64X128us) 


7 
t=128us 


Example 1 6A |6B 6A 6B 6A 6B 6A 6B 6A 6B | 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 
PWM output | 


®D 


Lower 6-bit output : 
H=6Ai¢, L=2446 


6Big: -- 36times 6Aig «: 28times___ ss 106X64+36 
(107) (106) 


Example 2 6A |6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 
PWM output | 


Lower 6-bit output : 
H=6Aj6, L=18i¢ 


6Bie °° 24times 


t=128us 


256 X0. 5 
Minimum bit width} 7 =0.5us ( HS) 


PWM output 
@ 


Fig. 24 





eu Toy ioot es] oe tonto) OOIPF IFEIFDIFOr 97°96 108) 


counter 


portions with H period length specified by PWMH 
additional t are 


determined by 
PWML 2567 (128us), fixed 





14-bit PWM timing 
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A-D CONVERTER 
The functional blocks of the A-D converter are described 
below. 


[A-D Conversion Register) AD 

The A-D conversion register is a read-only register that 
contains the result of an A-D conversion. This register 
should not be read during an A-D conversion. 


(A-D Control Register) ADCON 

The A-D control register controls the A-D conversion pro- 
cess. Bits 0 to 2 of this register select specific analog input 
pins. Bit 3 signals the completion of an A-D conversion. The 
value of this bit remains at “O” during an A-D conversion, 
then changes to “1” when the A-D conversion is completed. 
Writing “O” to this bit starts the A-D conversion. 


(Comparison Voltage Generator) 

The comparison voltage generator divides the voltage be- 
tween AVsg and Vrer by 256, and outputs the divided vol- 
tages. 


(Channel Selector) 


The channel selector selects one of the input ports P77/AN7 
to P7o/ANo. 


Data bus 


(Comparator and Control Circuit) 

The comparator and control circuit compares an analog in- 
put voltage with the comparison voltage and stores the re- 
sult in the A-D conversion register. When an A-D conver- 
sion is complete, the control circuit sets the A-D conversion 
completion bit and the A-D interrupt request bit to “1”. 

Note that the comparator is constructed linked to a capaci- 
tor, so set f (Xin) to at least 500kHz during A-D conversion. 


A-D control register 
(ADCON : address 0030;.) 


Analog input pin selection bits 

b2 bl b0 

000 : P7o/ANy 
: P7,/AN, 
> P72/ANo 
: P73/AN3 
> P74/AN4 
- P75/ANs 
> P76/ANg 

- P77/AN7 

onversion completion bit 
. Conversion in progress 
: Conversion completed 
Do not use 
Do not use 


0 
1 
1 
0 
0 
1 
1 
Cc 


0 
0 
0 
1 
] 
1 
1 
A-D 
0 
1 





Fig. 25 Structure of A-D controi register 


7 
A-Dcontrolregister |__| | | J | ft 


P79/ANy © 
P7,/AN, 
P7>/AN> 
P73/ANs 
P7,/AN, 
P7;/ANs 
P7,5/ANg 
P7,/AN;, 


Comparator 


i~ 
fe) 
~ 
oO 
2 
® 
n 
@ 
c 
= 
I 
£ 
O 





Fig. 26 A-D converter block diagram 


D control circuit ; 


A-D interrupt request 


A-D conversion register, 


8 


Resistor ladder 


O O 
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FLD CONTROLLER . * Port P3 segment/digit switching register 

Microcomputers of the M3818x group have fluorescent dis- * Port PO digit/port switching register 

play (FLD) drive and control circuits. * Port P8 segment/port switching register 

The FLD controller consists of the following components: * Key-scan blanking register 

¢ 24 pins for segments * 48-byte FLD automatic display RAM 

* 16 pins for digits Eight to twenty-four pins can be used as segment pins and 
* FLDC mode register four to sixteen pins can be used as digit pins. 

¢ FLD data pointer Note that only 32 pins (maximum) can be used as segment 
¢ FLD data pointer reload register and digit pins. 


Main address Main data Local data 
bus bus bus 


FLD automatic display RAM / 
/ 


P8o/So 
1 
82/S2 
83/S3 
84/S4 
8./Ss5 
86/Se 


004016 


UU 
[ee) 
~ 

g 


| G2 (SEG P8). 


G15 (SEG P8) 
004F.61 G16 (SEG P8) 


005016|_G1 (SEG P9) & 3415 001046 
G2 (SEG P9) . Pons 


P9,/Sg 


NIDIONIM 
a fs 
ULUOPULU 


~N 
U 
agaadg 
Be 
~ 
n” 
N 


” 

~ 

U 
oo 


™~ 
Uluryu 


So 
© 


Local address 


P92/Sio 
P93/S44 


G15 (SEG P9) - » 1 P9,/S40 
005F 4, G16 (SEG P9) P95/S13 


0060.6 Mein SEG P3 P96/Si4 
G2 (SEG P3) P9,/Si5 


30/8; 6/Do 


G15 (SEG P3) 3,/S17/D, 


joe) 


y 


33/Si9/Ds 


UVUpulyv 
ww 
P~4 
~™ 
Y 
Nh 
i=) 
™~ 
Oo 
- 


u 
oO 


3</Sp1/D 
3-/So5/Dp 


37/So3/ D> | 
he 00821e, = 5) pokes 


i 


FLD data pointer reload 


p Key-scan 
register(address 0037.) 


blanking 


register P0)/Ds 
(address 00351,)| [ P0,/Do 
FLD data pointer : - P02/D10 


decoder (address 00374) be P03/D14 


0033; 000016 


Timing 4 r FLD blanking interrupt 
| generator ie FLD digit interrupt 


Fig. 27 FLD control circuit block diagram 
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FLDC Mode Register (FLDM) 


The FLDC mode register (address 0036,,) is a seven bit 
control register which is used to control the FLD automatic 


display. 


Fig. 28 Structure of FLDC mode register (FLDM) 


Key-scan Blanking Register .(KSCN) 

The key-scan blanking register (address 0035.) is a two 
bit register which sets the blanking period Tscan between 
the last digit and the first digit of the next cycle. 


FLDC mode register(FLDM : address 00366) 


Automatic display control bit(P0, P3, P8, P9) 
0 : Normal mode 
1 : Automatic display mode 
Display start bit 
0 : Display stopped 
1 : Display in progress 
(display starts when “1” 1s written to this bit) 
Tdisp control bits 
(digit timing setting, when operating at 4MHz) 
b4 b3 b2 
000 '128us 
001 :256us 
010 : 384us 
011 :5l2us 
100 :640us 
101 : 768us 
110 ° 896us 
111 :1024us 
Toff control bits (digit/segment-off timing setting) 
b5 
Ga, ee 
1 


b6 
0 
0 
1 





Key-scan blanking register(KSCN : address 0035;.) 


Tscan control bits 
b1 b0 


0 0 : FLD digit interrupt(at rise of each digit) 


1 °1XTgj 
0: 2x Toe FLD blanking interrupt 
1 


0 
1 
112 3XTaiep (at fall of final digit) 





Fig. 29 Structure of key-scan blanking register (KSCN) 
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FLD Automatic Display Pins the FLDC mode register (address 0036,,) to “1”. 
The FLD automatic display function of Ports P38, PO, P9, and When using the FLD automatic display mode, set the num- 
P8 is selected by setting the automatic display control bit of ber of segments and digits for each port. 


Table 5. Pins in FLD automatic display mode 


Automatic Display Pins Setting Method 


SEGo-SEG7 
P8 9-P87 or 
P89-P87 
SEGs-SEGis5 None (segment only) 
SEG i6-SEGo3 
or 
DIGo-DIG7 
DIG 3-DIG;, None (digit only) 
DIGi2-DIGis . 
or 
PQ,-P07 








The individual bits of the segment/port switching register (address 0034,,) can be used to set each pin to 
either segment (“1”) or normal port input (“0”) 














The individual bits of the segment/digit switching register (address 0032;,) can be used to set each pin to 
segment (“1”) or digit (“0”) (Note) 











The individual bits of the digit/port switching register (address 0033;,) can be used to set each pin to digit 
(“1”) or normal port output (“0”) (Note) 





Note. Always set digits in sequence 


Number of segments 
Number of digits 








Port P8 
(has segment/port 
switching register) 








Port P9 
(segment only) 





DIGo ~G16 
DIG, ~G15 

Port P3 pie ere 
(has segment/digit DIG3 G9 
switching register) | 






































DIG7 ~G5 


| DIG G5 | 
Port PO DIG19 ~G2 DIG ~G4 DIG, G6 
(has digit/port DIG,, +G1 DIG, ~G3| DIG,, G5 
switching register) PO, DIG, ~G2 DIG;, ~G4 DIG,» ~G4 
DIG,, ~G1 1| DIGy3 +G3 
1 | DIGy, +G2 
































Fig. 30 Segment/digit setting example 
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FLD Automatic Display RAM 

The FLD automatic display RAM area is the 48 bytes from 

addresses 0040,, to OO6Fi,. The FLD automatic display 

RAM area can be used to store 3-byte data items for a 

maximum of 16 digits. Addresses 0040,, to 004F,, are used 

for P8 segment data, addresses 0050;, to 005F,,_ are used 

for P9 segment data, and addresses 00601, to OO6F,. are 

used for P3 segment data. 

¢ FLD Data Pointer and FLD Data Pointer Reload Register 
The FLD data pointer indicates the data address in the 
FLD automatic display RAM to be transferred to a seg- 
ment, and the FLD data pointer reload register indicates 
the address of the first digit of segment P9. 


Both the FLD data pointer and the FLD data pointer re- 
load register are allocated to address 00371, and are 6- 
bits wide. Data written to this address is written to the 
FLD data pointer reload register, data read from this 
address is read from the FLD data pointer. 

The actual memory address is the value of the data poin- 
ter plus 4046, 5016, or 6046. 

The contents of the FLD data pointer indicate the start 
address of segment P9 at the start of automatic display. If 
segment P3 or P9 data is transferred to the segment, the 
FLD data pointer returns — 16; if segment P8 data is 
transferred, it returns + 31. After it reaches “00”, the 
value in the FLD data pointer reload register is transfer- 
red to the FLD data pointer. In this way, three bytes of 
data for the P3, P9, and P8 segments of one digit are 
transferred. 


en ee a Final digit 


004016 SEG, SEG, SEGs 


SEG, SEG, 


























SEGr2 





0061 i 














Fig. 31 FLD automatic display RAM and bit allocation 


SEG; SEG, 


SEGie 
SEGic 


— (final data of 


segment P8) 


Segment P8 
data area 


Final digit 








SEGis | SEG | SEGi3 | SEG, SEGi | SEGo SEG, — (final data of 
SEG io SEGe peonene he! 


Segment P9 
data area 


Final digit 
— (final data of 
segment P3) 


Segment P3 
data area 


SEG22 | SEGa 
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* Data Setup Set the FLD data pointer reload register to the value 
When data is stored in the FLD automatic display RAM, given by the number of digits—1. “1” is always written to 


the end of segment P8 data is stored at address 0040j¢, 
the end of segment P9 data is stored at address 0050j¢, 
and the end of segment PS data is stored at address 
0060,,. The head of each of the segment P8, P9, and P3 
data is stored at an address that is the number of 
digits—1 away from the corresponding address 0040j¢, 
00501.6, 0060,.. 


For 17 segments and 15 digits 
(FLD data pointer reload register=14) 


eel EE ES 


| 00406 VI/V ITI LNLLMLL ML LLL LL. 
| 00416 V/V/V LIV LL 
| 00426 V//V/INLL NLL LMM LIA LL, 
| 004316 P/N MLM LIL LLL LLL, 
| 004416 LN LLANELLI LV LLL L, 
| 004516 KALAMA LI VLIW LL 







NX 















| 004Bis |/// COMO ULEUEA 
004Cig§ V/V III III NLIL NLL ALL BL L 1 
| 004Dig V/V II V ILIV ILL LAL L ALL PLL A 

aE VLAN A INS LAS TIAL III IAS LIST DD 


LIN ITPIINSTH IIAP SATII) 
0050.8 SHACHA OM CHM UME LONE ONGEA 
|, 008te VALET LALLALLMLL ALLL oS VILL 
rensse OA TA TNTT 
| 005416 STINE LLV LL LL) 


Poe AMANO TOON 
| 005716 | 


Cae, W777 ee CI PI TT fo) 
| 005816 LMI LIV LIV LIL LAL LA Lodd 
| 005%6 LMM LIV LIVELINK) 
| 005A YIM LIV LIV LLL L ALLA LLL hil. 
| 005Big VL MV LIV LILI LAL LALLALLL 


005F 16 


























° 
° 
> 
2 
i 


REET 
i 
i 
i 
i 


i 
ae 
a 














oS 
f=) 
fo?) 
o 
a 





Note. A Shaded areas are not used 


Fig. 32 Example of using the FLD automatic display RAM. 


.| OO6E;.6 





bit 5, and “0” is always written to bit 4. Note that “OQ” is al- 
ways read from bit 5 or 4 during a read. 


For 24 segments and 8 digits 
(FLD data pointer reload register=7) 


wd EA ERED EARS 


00406 V/A /V LIVI LIL LIV LIV LL 
004416 VA MV IVIL LILI LIV LL 
| 004216 VL ML LLL LLL 
| 004316 V/V/V LNT ALLL IV LIV LL 
| 004416 VOL/VOL ALLL IML LIL 
| 004516 VS /V ITI LNL LLL IV LLL 
| 004616 V/V ILIA MLM V LLL 
| 004716 V/V SLLLLALLAL/S IVS LV LLY LL) 
| 004815 | [eee eek Sd 


OOS ea ee ee cad eM ec. 
WEN GEELLS CEA Oe a Va NALA wd 
BESeaS Ok CHL CHAN aMA eed 

| 008216 V/V LIM L ALLY LLVLLIV LL 

88s LLL A LAL LLL I 7 

VIAN LAL LALLA LIVI INI 


or 
EaCUCCeeee 
7, LLALLALL ALLL, ALLE LL ELL 
Poo, | | | | [Tt 

ee ee 
eae Se ae re 
Fa a a ae ee ee 
| o0scrs | | | | | | ft ft 
oD | | | | | | ft | 
a a a ee 


| O05Fis | [eee a 
| 00606 V/V LLL LEILA LVL LV Lh, 
VILALL ALLEL MLL LIA LIV LL) 

| 006216 V/V JEL LAL LIL LIV LIV LL, 
a 04 OO OA 
006416 V//V ILA AMLLM LIV LILLIE 
| 006516 VK NINN LV ILL LLL. 
| 00666 K/MIN LVI IV LLL LLALL 
06716 P//A//SALSALLLV SIV LLY LLL LS 
(aa) Ca aaa aa (cae a 








006816 
ooe,o | | | | | | 
006Ars | | 





O06Bi¢ 
006Ci¢6 


o06Dig | | 
p2e8 
eaena 














O06Fi¢ 
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* Timing Setting of the FLDC mode register (address 0036,,), and the 
The digit timing (Tdisp) and digit/segment turn-off timing automatic display is started by writing “1” to bit 1. 
(Toff) can be set by the FLDC mode register (address During automatic display bit 1 always keeps “1”, automa- 
0036,,). The scan timing (Tscan) can be set by the key- tic display can be interrupted by writing “0” to bit 1. 
scan blanking register (address 0035;,). 
Note that flickering will occur if the repetition frequency If key-scan is to be performed by segment during the 
(1/(Tdisp X number of digits+Tscan)) is an integral mul- key-scan blanking period Tscan; 
tiple of the digit timing Tdisp. | 1. Write “0” to bit 0 (automatic display control bit) of 

FLDC mode register (address 0036,,). 

e FLD Start 2. Set the port corresponding to the segment to the nor- 
To perform FLD automatic display, you have to use the mal port. 
following registers. 3. After the key-scan is performed, write “1” (automatic 
¢ Port P3 segment/digit switching register display mode) to bit 0 of FLDC mode register 
* Port PO digit/port switching register (address 0036.6). 
¢ Port P8 segment/port switching register 
* Key-scan blanking register Note on performance of key-scan in the above 1 to 3 
¢ FLDC mode register order. : 
¢ FLD data pointer 1. Do not write “0” to bit 1 of FLDC mode register 

(address 00366). 
Automatic display mode is activated by writing “1” to bit 0 2. Do not write “1” to the port corresponding to the digit. 
Tdisp Tscan 
Gn 
G1. 





Segment 
output th dA DA AA OMA AA OA OMA OA OA CAA AA OAR AA OAD 
gn re 
Segment setting by software 


FLD digit interrupt generated FLD blanking interrupt generated at 
at the rising edge of segment the falling of edge of the last digit 
data 


Digit 


Segment 





Fig. 33 FLDC timing 
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RESET CIRCUIT 

After a reset, the microcomputer will start in high-speed op- 

eration start mode or low-speed operation start mode depend- 

ing on a mask-programmable option. 7 

¢ High-Speed Operation Start Mode 
In high-speed operation start mode, reset occurs if the 
RESET pin is held at an “L” level for at least 2us then is 
returned to an “H” level (the power supply voltage 
should be between 4.0V and 5.5V). Both the X,, and the 
Xcin Clocks begin oscillating. In order to give the Xj 
clock time to stabilize, internal operation does not begin 
until after 13 Xi clock cycles are complete. After the re- 
set is completed, the program starts from the address 
contained in address FFFD,, (upper byte) and address 
FFFC,, (lower byte). 

* Low-Speed Operation Start Mode 
In low-speed operation start mode, reset occurs if the 
RESET pin is held at an “L” level for at least 2s then is 








Note. Reset release voltages - 
In high-speed operation start mode : Voc=4. OV 
In low-speed operation start mode : Vec=2. 8V 


Power supply voltage 


wz detection circuit 


| 
| 
| 
| 
| 
| 





Fig. 34 Power-on reset circuit example 


returned to an “H” level (the power supply voltage 
should be between 2.8V and 5.5V). The Xj, clock does 
not begin oscillating. In order to give the Xcjy time to sta- 
bilize, timer 1 and timer 2 are connected together and 
512 cycles of the Xcjn/16 are counted before internal op- 
eration begins. After the reset is completed, the program 
starts from the address contained in address FFFDi., 
(upper byte) and address FFFC,, (lower byte). 

If the Xcin clock is stable, reset will complete after 
approximately 250ms (assuming f( Xcin) =32.768kKHz). 
Immediately after a power-on, the stability of the clock 
circuit will determine the reset timing and will vary 
according to the characteristics of the oscillation circuit 
used. 

Note on Use 

Make sure that the reset input voltage is no more than 
0.8V in high-speed operation start mode, or no more than 
0.5V in low-speed operation start mode. 
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Fig. 





Port PO register 
Port P1 register 
Port P1 direction register 
Port P2 register 
Port P2 direction register 
Port P3 register 
Port P4 register 
Port P4 direction register 
Port P5 register 
Port P5 direction register 
Port P6 register 
Port P6 direction register 
Port P7 register 
Port P7 direction register 
Port P8 register 
Port P8 direction register 
Port P9 register 
Port P9 direction register 


Port PA register 


Port PA direction register 
Serial |/O1 control register 


Serial 1/O automatic transfer (0 0 1 


control register 


Serial I/O automatic transfer (0 0 1 


interval register 


Serial 1/02 control register 


Timer 1 register 
Timer 2 register 
Timer 3 register 
Timer 4 register 
Timer 5 register 


Timer 6 register 


Note. * : The initial values of bits 7 and 6 of the CPU mode register are determined by a mask option 


X : Underfined 


Address 


(0.0 0 046)-* 
(000 246): 
(00 0 346): 
(000 446)* 
(00 0 5i¢)- 
(0 0 0 646): 
(00 0 846): 
(0 0 0 946): 
(0 0 0 Aig) 
(0 0 0 Bye): 
(00 0Ci4¢)- 
(0 0 0 Dig): 
(00 0 E46): 
(00 0 Fig) 
046)°* 
lag)" 
2 16)°** 
3 46)" 
46) 
5 16)" 
Qig)i 


(001 
(001 
(001 
(001 
(001 
(001 
(001 


(001 Die): 
(00 2 046): 
(00 2 V46) 
(00 2 26) 
(00 2 346): 
(00 2 446)- 
(00 2 546) 


Pte reer 


Ais)" 


Cig): 


nN 
a 
o 


Register contents 


00:6 
0016 
0016 





0016 


0016 
0016 
00.6 
0016 
0016 
0016 
0016 
0016 








0016 


O116 
FF i 
FFi6 
FF ig 


FFig 


Timer 12 mode register 
Timer 34 mode register 
Timer 56 mode register 
PWM control register 
A-D control register 
Port P3 segment/digit 


switching register 


Port PO digit/port switching register 


Port P8 segment/port 


switching register 


Key-scan blanking register 


FLDC mode register 
High-breakdown-voltage port 


control register 


Interrupt edge selection register 


CPU mode register 


Interrupt request register 1 


Interrupt request register 2 


Interrupt control register 1 
Interrupt control register 2 
Processor status register 


Program counter 


Address 


(0 0 2 84): 
(0 0 2 946): 
(0 0 2 Aj): 
(0 0 2 Big): 
(0 0 3 O46):- 
(003 246): 


(0:0°3° 3.46)" 
(00 3 446): 


(00 3 546): 
(00 3 6i6)-: 


(0 0 3 8 46) 


(0 0 3 A16)"° 


(0 0 3 Bie) 


(0 0 3 Ci.) 
(00 3 Die): 
(00 3 E46): 
(003 Fi6)- 


(PS) 


(P Cu) 
(PO,)- 


1a ACL 


Register contents 


0816 


0016 





0016 


*}*/1]0] 0] 0/0] 


0016 


0016 


x} [x 


O}} oO 
SEES 
= j/ 2 
o || o || X 
=aii23 
Blo 1) x 
Olle 
— |} =a 
» || wm || X 
alla 
Sey Sel OM 
o || o 
nm ii mM 
mit w 
a{]/ om 
ai| om 
ai] om 
B13 be 
he 


The contents of all other registers and RAM are undefined after a reset, so programs must set their initial values 
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Internal status at reset 
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DQ/\, 


i 
Time until oscillation starts ' Time necessary for oscillation to stabilize 


Time unti! oscillation starts 


Internal 
reset 


System 
clock 


Data 


oars a 





Fig. 36 Reset sequence in high-speed operation mode 


(Oscillation stopped) 


Time until oscillation starts | Time necessary for oscillation to stabilize 


Internal 
reset 


System 
clock 


\ 


Data 





SYNC 


Fig. 37 Reset sequence in low-speed operation mode 
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CLOCK GENERATION CIRCUIT 
When using an external clock signal, input the clock signal 
to the Xin (Xow) pin and leave the Xour (Xcour) pin open. 
If the Xcin clock is not used, connect the Xcin pin to Vss, 
and leave the Xcour pin open. 
Either high-speed operation start mode or low-speed op- 
eration start mode can be selected by using a mask option. 
* High-Speed Operation Start Mode 
After reset has completed, the internal clock ¢is half the 
frequency of Xiy. Immediately after power-on, both the 
Xin and Xcin clock start oscillating. To set the internal 
clock ¢to low-speed operation mode, set bit 7 of the 
CPU mode register (address 003B,,) to “1”. 
¢ Low-Speed Operation Start Mode 
After reset has completed, the internal clock ¢ is half the 
frequency of Xcin. Immediately after power-on, only the 
Xcin Clock starts oscillating To set the internal clock ¢ to 
high-speed operation mode, first set bit 6 (CMg) of the 
CPU mode register (address 003B,,) to “0”, the set bit 7 
(CM;) to “0”. Note that the program must allow time for 
oscillation to stabilize. 
Oscillation Control 
Stop Mode 
If the STP instruction is executed, oscillation stops with 
the internal clock ¢at an “H” level. Timer 1 is set to 
“FF,,.” and timer 2 is set to “O11,”. 
Either Xiy Or Xcin divided by 16 is input to timer 1, and 
the output of timer 1 is connected to timer 2. The timer 1 
and timer 2 interrupt enable bits must be set to disabled 
(“0”), sO a program must set these bits before executing 
an STP instruction. Oscillation restarts at reset or when 
an external interrupt is received, but the internal clock ¢ 
is not supplied to the CPU until timer 2 overflows. This 
allows time for the clock circuit oscillation to stabilize 
Wait Mode 
If the WIT instruction is executed, the internal clock ¢ 
stops at an “H” level but the oscillator itself does not 
stop. The internal clock restarts if a reset occurs or when 
an interrupt is received. Since the oscillator does not 
stop, normal operation can be started immediately after 
the clock is restarted. 
Low-Speed Mode 
If the internal clock is generated from the sub clock 
(Xcin), a low power consumption operation can be en- 
tered by stopping only the main clock Xjy. To stop the 
main clock, set bit 6 (CM,) of the CPU mode register 
(003B,,) to “1”. When the main clock Xi is restarted, the 
program must allow enough time to for oscillation to sta- 
bilize. 
Note that in low-power-consumption mode the Xcin- 
Xcout drive performance can be reduced, allowing even 
lower power consumption (20A with Xcij= 32kKHz). To 
reduce the Xcin-Xcour drive performance, clear bit 5 
(CM;) of the CPU mode register (003B,,) to “0”. At re- 





set or when an STP instruction is executed, this bit is set 
to “1” and strong drive is selected to help the oscillation 
to start. 


Xcin Xcout Xin 





Fig. 38 Ceramic resonator circuit 


External oscillator or pulse 


External oscillator 
Vcc | Voc PUL 
Vss Vss 


Fig. 39. External clock input circuit 
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Timer 1 count stop bit 


Timer 2 count stop bit 


: 
) 
“Q” 


“Q” Timer 1 count 


Internal system clock source selection 
selection bit bit 
CM7 (Note) 


Timing ¢ 
(Internal! clock) 


Main clock stop bit CM, 
Internal system clock 
selection bit CM7 


Reset 


STP WIT STP instruction 
instruction instruction 


Reset 
ot Interrupt disable flag | 


Interrupt request 


Note. The values of CM; and CMg at reset are determined by a mask option 





Fig. 40 System clock generation circuit block diagram 





MITSUBISHI 
eens ate MTSUBS 


MITSUBISHI MICROCOMPUTERS 


M3818x Group 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 











High-speed operation 
start mode( Note 4) 


WIT 
















STP 
instruction 
‘leat fo o2 nstruction 
Xin clock Seetletng Xiw Clock oscillating ee Xin Clock stopped 
Xcin Clock oscillating Xcin clock oscillating Xcin Clock stopped 
¢ is stopped (“H”) ai $=1(Xiy) /2 < ¢ 1s stopped (“H”) 
Timer operating interrupt Interrupt 
(Note 1) 
External INT, External INT, or 
timer interrupt, or CM7=0 SI/O interrupt 


SI/O interrupt 











































WIT STP 
Xin Clock oscillating instruction instruction 
Xoiy Glock oscillating ae ees Xin Clock oscillating eens Xin clock stopped 
“pe Xcin clock oscillatin Xcin Clock stopped 
¢ is stopped (“H”) CIN g N Pp 
Timer operating $=f(Xoin)/2 ¢ Is stopped (“H”) 
(Note 3) Interrupt Interrupt 
(Note 2) 
CM.s=0 
The program must 
CM.=1 allow time for Xin 
oscillation to stabilize 
WIT STP 
Xin clock stopped instruction instruction 
Xcin Clock oscillating a Xin Clock stopped ——___ > Xin Clock stopped 
¢ 1s stopped (“H”) Xcin Clock oscillating Xcin Clock cue 
Timer operating $=t(Xoin) /2 ¢=stopped (“H”) 
nterrup nterrup 
(Note 3) ” 
(Note 2) 


Low-speed operation’ 
start mode (Note 4) 


The example assumes that 6. 3MHz ts being applied to the Xy pin and 32kHz to the Xciy pin 


Note 1. When the STP state 1s ended, a delay of approximately 1. 3ms 1s automatically generated by timer | and timer 2 
2. The delay after the STP state ends is approximately 0. 25s 
3. If the internal clock ¢ divided by 8 ts used as the timer count source, the frequency of the count source Is f(Xcoin)/16 
4. Specify this option when ordering a mask ROM version 


Fig. 41 State transitions of system clock 
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NOTES ON PROGRAMMING 


¢ Processor Status Register 


The contents of the processor status register (PS) after a 
reset are undefined, except for the interrupt disable flag 
(1) which is “1”. Therefore, flags that affect program ex- 
ecution must be initialized after a reset. In particular, it is 
essential to initialize the T and D flags because of their 
effect on calculations. 

Interrupts 

The contents of the interrupt request bits do not change 
immediately after they have been written. 

After writing to an interrupt request register, execute at 
least one instruction before performing a BBC or BBS in- 
struction. 

Decimal Calculations 

To calculate in decimal notation, set the decimal mode 
flag (D) to “1”, then execute a ADC or SBC instruction. 
Only the ADC and SBC instruction yield proper decimal 
results. After executing an ADC or SBC instruction, ex- 
ecute at least one instruction before executing a SEC, 
CLC, or CLD instruction. 

In decimal mode, the values of the negative (N), over- 
flow (V), and zero (Z) flags are invalid. 

The carry flag can be used to indicate whether a carry or 
borrow has occurred, but must be initialized before each 
calculation. Clear the carry flag before an ADC and set 
the flag before an SBC. 

Timers 

If a value n (between 0 and 255) is written to a timer 
latch, the frequency division ratio is 1/(n+1). 
Multiplication and Division Instructions 

The MUL and DIV instructions do not affect the T and D 
flags. 

The execution of these instructions does not change the 
contents of the processor status register. 

Ports 

The contents of the port direction registers cannot be 
read. Programs can not use the value of a direction reg- 
ister as an index, or bit-test a direction register (BBC or 
BBS), or perform a read-modify-write instruction such as 
ROR, CLB, or SEB. Use instructions such as LDM and 
STA to set the port direction registers. 

Serial I/O 

When using an external clock, input “H” to the external 
clock input pin and clear the serial I/O interrupt request 
bit before executing a serial |/O transfer. 


. When using the internal clock, set the synchronization 


clock to internal clock, then clear the serial I/O interrupt 
request bit before executing a serial I/O transfer. 
Instruction Execution Timing 

The instruction execution time is obtained by multiplying 
the frequency of the internal clock ¢ by the number of cy- 
cles needed to execute an instruction. 

The number of cycles required to execute an instruction 


is shown in the list of machine instructions. 
The frequency of the internal clock ¢is half of the Xj, or 
Xcin frequency. 
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DATA REQUIRED FOR MASK ORDERS 
The following are necessary when ordering a mask ROM 
production: 
(1) Mask ROM Order Confirmation Form 
(2) Mark Specification Form 
(3) Data to be written to ROM, in EPROM form 

(three identical copies) 
If required, specify the following option on the Mask Con- 
firmation Form: 
¢ Operation start mode switching option 


ROM Writing Method 

The built-in PROM of the blank one-time programmable 
version and built-in EPROM version can be read from and 
written to with an normal EPROM writer using a special 
write adapter. 


In case PROM is 32K bytes or under; 


Name of Write Adapter 
100P6S PCA4738F-100 
100D0 PCA4738L-100 

In case PROM is 36K bytes or over; 


Name of Write Adapter 
100P6S Under development 
100D0 Under development 


The PROM of the blank one-time programmable version is 
not tested or screened after assembly. To ensure proper 
operation after writing, the procedure shown in Figure 42 is 
recommended to verify programming. 















Writing with PROM writer 


Screening (Note) 
(150°C for 40 hours) 


Verification with 
PROM writer 


Functional check in target device 


Note. The screening temperature ts far 
higher than the storage temperature Do 
not leave the microcomputer at 150°C 
for longer than 100 hours 





Fig. 42 Writing and testing of one-time programmable 
version 
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ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter 
















et 
—0.3 to 7.0 
Vag WtoVet0s Vv 


Conditions 















Pull-down power supply voltage 
Input voltage P19-P17, P29-P27, P4;-P47, P59-P57, 

P6o-P67, P7o-P72, P99-P93, PAo-PA7 
PBo, PB; 










j —0.3 to Veco +0. 3 
















Input voltage P4y —0. 3 to Vec+0. 3 


Voc—40 to Veco +0. 3 


—0.3 to Voc t0. 3 
—0.3 to Vect0. 3 
P8o-P87, P99-P97 


Voc 

Vee 

Vv; 

Vi 

Vi 

Vi 

Output voltage P1o-P17, P2o-P27, P4)-P47, P5q-P5, 

{@) 


All voltages measured based on the Vg pin 
Output transistors are isolated 





Input voltage P89-P87 
Input voltage RESET, Xin 


Input voltage Xcin 
Output voltage P09-P07, P39-P3;, 


—0.3 to Voect0. 3 
P69-P67, P79-P77, PAp-PAz, Xout: Xcout 


V 
V 
V 
V 
V 
V 
V 
V 
Cc 
2 


Operating temperature —10 to 85 
Storage temperature —40 to 125 
RECOMMENDED OPERATING CONDITIONS (Vec = 4.0 to 5.5V, Ta = —10 to 85, unless otherwise noted) 


| Min | Ty 
High-speed operation mode 
Supply voltage 
| Low-speed operation mode 
Supply voltage ee! 
Pull-down power supply voltage 


Reference input voltage 
PBo, PB; 


n Wine. oe) Analog input voltage 
“H” input voltage P29-P27 


“H” input voltage P19-P17, P4,-P47, P59-P57, 
| Vin _| “H” input voltage P4o 








Too 


Unit 






Ba 


on; 


o;oO 


| 
w 


V 


19) 


Cc 


< 
re) ayo 
0 on{ on 


Q 





Ve 






0. 75Vcc 


< 
Q 
fo) 





0. 4Voc 
0. 75Voc 


f 
i) 
(9) 


< 
QO 
ie) 










< 
(9) 
@) 


P69-P67, P79-P77, PAp-PAz, 
“H” input voltage P8p-P87, P99-P953 





i?) 
0 





“H” input voltage RESET 


i?) 
0 





Voc 

Vee 

Via 

Vin 

Vin 

Vin 

Vin 

Vin 

Vin “H” input voltage Xin, Xcin 

V “L” input voltage P19-P17, P4,-P4z, P59-P57, P6 -P6,, 
Me ‘ P79-P77, PAg-PA7, PBo, PB; 

Vin 

Vir 

Vin 

Vi 

Vie 






0. 25Vec 







“L” input voltage P2 -P2, 


P Vn | “L.” input voltage P45 


- 16Voc 
- 29Voc 
-2Voc 
~2Voc 
-2Voc 





“L” input voltage P89-P87, P99-P93 , 
“L” input voltage RESET 


“L” input voltage Xin, Xcin 








O10/o 

CO; 0%; 

</<j< 

Q 10 {0 

Oo 10 |O 
oRonoak= 

<i< 





foo) 
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RECOMMENDED OPERATING CONDITIONS (Vcc=4.0 to5.5V, Ta=—10 to 85°C, unless otherwise noted) 


Limits 
Symbol Parameter 


“H” total peak output current PO -P07, P19-P17, 


(Note 1) P29-P27, P3o-P3z, 
P89-P87, P9y-P9, 


“H” total peak output current P4,-P47, P6o-P6s, ; 
2 lou(peak) —60 mA 
P79-P77, PAg-PAz 


“L” total peak output current P19-P17, P29-P27, P4,-P47, 
P5o-P57, P61-P6z, 
P7o-P77, PAg-PA7 


lo.(peak)| “L” total peak output current P65 FTE BO] mA 


“H” total average output current PO 9-P07, P1o-P17, 
> lon(avg) (Note 1) P29-P27, P3o-P37, 
= loncavg) | “H” total average output current P4,-P47, P69-P6, 30 ‘ 
= m 
P7o-P77, PAg-PA7 


P8 -P87, P99-P97 
“L” total average output current P19-P17, P29-P27, 
P4,-P47, P5o-P57, 


P6;-P67, P7o-P77, 
PAo-PAz 














2 lon(peak) 

















2 Jou(peak) 

































> lov(avg) 

















=lo.cavg) | “L” total average output current P6o 









“H” peak output current POo-P07, P39-P37, P89-P87, 
P99-P97 (Note 2) 






lon (peak) 













lon(peak) 






“L” peak output current P19-P17, P29-P27, P4,-P4z, 
P6,-P67, P79-P77, PAo-PAz 









lo.(peak) 










“H” peak output current P19-P17, P2o-P27, P4,-P4;, 10 A 
as m 
P6o-P67, P7o-P77, PAo-PA7 


lot(peak)} “L” peak output current P5o-P57 
lot(peak)} “L” peak output current P6o 


“H” average output current PQo-PO7, P39-P37, 
ontavG) P8-P87, P9p-P9, 


“H” average output current P1o-P17, P29-P27, P4,-P47, 

P6,-P67, P79-P77, PAp-PA7 
“L” average output current P1o-P17, P29-P27, 
lov(avg) (Note 3) P4,-P47, P6y-P67, 
P79-P77, PAg-PA7 
loi(avg) | “L” average output current P5o-P57 5. 0 mA 


“L” average output current PG i | 1.5 mA 
f(CNTR Clock input frequency for timers 2 and 4 
( 0) put frequency 250 pas 
f(CNTR,) | (duty cycle 50%) 
f(Xin) Main clock input oscillation frequency (Note 4) a 6.3 MHz 
f(Xcin) Sub clock input oscillation frequency (Note 4, Note 5) | | 32. 768 50 


Note 1. “The total output current is the sum of all the currents flowing through all the applicable ports The 
total average current is an average value measured over 100ms The total peak current is the peak 
value of all the currents 

. The peak output current is the peak current flowing in each port 

. The average output current in an average value measured over 100ms 

. When the oscillation frequency has a duty cycle of 50% 

. When using the microcomputer in low-speed operation mode, make sure that the sub clock’s input 
frequency f(Xcw) 1s less than f(Xjy)/3 



















lon(avg) 















































Ot & W Po 
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ELECTRICAL CHARACTERISTICS (Voc = 4.0 to 5.5V, Ta = —10 to 85, unless otherwise noted) 














































“L" input current P19-P17, P29-P27, P4,-P47, P59-P5z7, 
Vi=Vss LA 
P69-P67, P7o-P77, PAp-PA7, PBo, PB; 

“L” input current P4p 

“L” input current P89-P87, P99-P93 (Note 1) Vi=Vss 


1 LA 
bie 
hie 


Limits 
Symbol Parameter Test conditions [ kimts Unit 
“H” output voltage PQ 9-P07, P39-P37, P89-P8;, 
Vou : : ’ : : : , ‘lon=—18mMA Vec—2 0 V 
P9o-P97 
“H” output voltage P1o-P17, P29-P27, P4,-P4z, 
Von : Prete ee ee ee lon=—10mA Voo—2. 0 Vv 
P69-P67, P7o-P77, PAg-PA7 
“L” output voltage P19-P17, P2o-P27, P41-P4z, 
VoL P§o-P5y7, P6,-P67, P7o-P77, lop=10mA 2.0 V 
PAo-PA? 
VoL “L” output voltage P6o loLp=1. 5mA ee ae 0.5 V 
Hysteresis INTo—INT4, Sint, Sina, Seiki, Scuka, 

Vr4—-Vy— When using a non-port function 0. 4 V 
Hysteresis RESET, Xin RESET : Vec=2. 8V to 5. 5V 0.5 Vv 
Hysteresis Xcin 0.5 V 

“H” input current P19-P17, P29-P27, P4,-P47, P5q-P5vz, 
lies p o-Fl7 0-7 1-P47 07 P07 Vi=Vec 5.0 wh 
P6o-P67, P79-P77, PAo-PA7, PBo, PB: 
Pw “H” input current P4o Vi=Vec 5.0 LA 
elias, © 30 “H” input current P89-P87, P99-P93 (Note 1) Vi=Voc 5.0 “A 
| ting __| “H” input current RESET, Xo Vi=Voo aA 
“H” input current Xin Vi=Voc aa LA 
he 


is 
> 


Ly 1] | 
gr} on on 
oOo (O!]o 


“L” input current RESET, Xcin Vi=Vss 

he “L” input current Xin Vi=Vss —4.0 LA 
Vee= Veo —36V, 

Output load current PO 9-P07, P39-P37, P99-P97 Vot=Vec, 500 900 LA 
With output transistors off 
Vee= Vcc 38V, 
Vot=Vco38V, —10 


= 
> 


ni 
° 
| 
on 
—) 





lLoaD 





Output leakage current PQ9-P07, P39-P37, P8-P87, 
PQ9-P97 








is 
> 


ILEAK 





With output transistors off (Except for reset) 
In high-speed operation mode 

(Xin) =6. 3MHz 

f(Xcin) =32kHz 

Output transistors off 


ay 
on 
3 
° < 


i 
—) 
i 
o 
on 


A-D converter operating 

In high-speed operation mode 
f(Xi) =6. 3MHz (in WIT state) 
f(Xcoin) =32kHz 1.0 
Output transistors off 





a 
> 


A-D converter stopped 

In low-speed operation mode 
f(Xiy) = stopped, f(Xcin) =32kHz 
Low-power dissipation mode set 60 200 
(CMs=0) 

Output transistors off 








loc Power supply current 





In low-speed operation mode 
f(Xin) = stopped 

f(Xcin) =32kHz (in WIT state) 
Low-power dissipation mode set 


(CMs=0) 
Output transistors off 

Ta=25°C 
Ta=85C 


cs = 
> > 


20 





All oscillation stopped 
(in STP state) 
Output transistors off 






HA 


S 
as 
—s 
=) 


Note 1. Except when reading ports P8 or ports P99—P93, 
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A-D CONVERTER CHARACTERISTICS 


(Vec=4. 0 to 5.5V, Vsg=0V, Ta=—10 to 85°, high-speed operation mode, unless otherwise noted) 


Parameter 


Symbol 


Absolute accuracy 


Toonv Conversion time 


Test conditions 


Voc™=Vrer=). 12V 


Reference input voltage 


Reference input current 
Analog port input current 
Ladder resistor 


Parameter 





Vrer=OV 








tw (RESET) Reset input “L” pulse width 


tec) Main clock input cycle time (Xjx input) 
tWwHOxn) Main clock input “H” pulse width 
twe(xin) Main clock input “L” pulse width 


to(xcin) Sub clock input cycle time (Xcin input) 























tWH(xcin) Sub clock input “H” pulse width 











Sub clock input “L” pulse width 
CNTRo, CNTR; input cycle time 
CNTRo, CNTR;, Input “H” pulse width 


tc(cnTR) 


tWH(CNTR) 














tWL(CNTR) CNTRo, CNTR;, input “L” pulse width 








tWHUNT) INT-INT, input “H” pulse width 


INTo-INT, Input “L” pulse width 

















te(seik) Serial clock input cycle time 





twH(ScLk) Serial clock input clock “H” pulse width 





tWe(scik) Serial clock input clock “L” pulse width 














tsu(scik-Sin) | Serial input setup time 











th soiK-Sin) Serial input hold time 


SWITCHING CHARACTERISTICS (Vec = 4.0 to 5.5V, Vss = OV, Ta = —10 to 85, unless otherwise noted) 


Parameter 





tWwH(ScLK) Serial clock output “H” pulse width 





Test conditions 








CL=100pF, RL=1k0 





twe(scik) Serial clock output “L” pulse width 














CL=1 OOpF, R.=1 kKQ 





Serial output delay time 





tyscik—Sour) | Serial output hold time 





Serial clock output fall time 





C.=1 OOpF, R.=1 kQ 





P-channel high-breakdown voltage output rise time 
'rPch-stra) | (Note 1) 


P-channel high-breakdown voltage output rise time 
te(Pch-weak) (Note 2) 





CL.=1 OOpF, Vee=Vec —36V 





CL.=1 OOpF, Vee=Voc—36V 





Note 1. When bit 0 of the high-breakdown voltage port control register (address 0038,,) is at “0” 
2. When bit 0 of the high-breakdown voltage port control register (address 0038,¢) Is at “1” 
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Serial clock output 


port PO, P3, P8, P9 


P-channel 


output port 


Note : Port P8 has no internal pull-down resistors and external resistors should be used if necessary 





Fig. 43 Output switching characteristics measurement circuit 
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Timing Chart 


te(cntr) 





CNTRo, CNTR, 


tWH(UINT) tWLnT) 
tw( RESET) 


segs ee 0. 8V 








Xin 
Xcin 
te(Seik) 
tf twu(Serk) ty IWH(SeLk) 
. Nene 
thiscuK—Sin) 

CK KK KK KKK SK BK SKI K KKK KKK KK 

= PRR RE RRRRRRKRRY 0: V0 PRRRRRRRRRL RRL 
td(seiK—-Sour) tv(scix—Sout) 


\ 


~ a 
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DESCRIPTION 

The M37450M2-XXXSP/FP is a single-chip microcomputer 
designed with CMOS sillicon gate technology. It is housed 
in a 64-pin shrink plastic molded DIP or an 80-pin plastic 
molded QFP. 

In addition to its simple instruction sets, the ROM, RAM, 
and |/O addresses are placed on the same memory map to 
enable easy programming. 

It is suited for office automation equipment and control de- 
vices. The low power consumption made by the use of a 
CMOS process makes it especially suitable for battery po- 
wered devices requiring low power consumption. It also 
has a unique feature that enables it to be used as a slave 
microcomputer. 

The differences among M37450M2-XXXSP/FP, M37450M4- 
XXXSP/FP and M37450M8-XXXSP/FP are as shown below. 
The descriptions that follow describe the M37450M2- 
XXXSP/FP (abbreviated as M37450) unless otherwise 


a 














| Typename name ROM size RAM size 
M37450M2- XXXSP/FP 4096 bytes 128 bytes 
M37450M4-XXXSP/FP 8192 bytes 256 bytes 


The number of analog input pins for the 80-pin model (FP 
version) is different from the 64-pin model (SP version). In 
addition, the 80-pin model has special pins for RD, WR, 
RESETour, DAVrer, ADVrer, AVcc and the 64-pin model 
has a special Vrer pin. 


FEATURES 

@ Number of basic instructions TrErerererrrerrrererrrrerrr rr rae rere 71 
69 MELPS 740 basic instructions +2 multiply/divide 
instructions 

@® Instruction execution time 


(minimum instructions at 10MHz frequency) --:--:--- 0.8us 
@ Single power supply ee rrr rr err ere ree eer eee re 5V110% 
@ Power dissipation normal operation mode 
(at 10MHz frequency) Ligiesswteteteeuaneenennuneuue tts se 30mW 
@ Subroutine nesting ---:--------- 64 levels max.(M37450M2) 
96 levels max.(M37450M4, M37450M8) 
@ Interrupt ee ee i ee ee ee ee 15 events 
@ Master CPU bus interface A er ie ae 1 byte 
@ 16-bit timer ccccccc crete teen et eee tence ee eees 3 
@ 8-bit timer (Serial 1/O use) tva Gibia re leiblae ine ane oie ielase's eieiere wee we ealeas e { 
@ Serial 1/O (UART or clock synchronous) *+-7*777+:778+7"" 1 
@ A-D converter (8-bit resolution) --------: 3 channels (DIP) 
8 channels (QFP) 
@ D-A converter (8-bit resolution) *---*-7*7--------- 2 channels 
@ PWM output (8 bit or 16 bit) Ee ee ere { 
® Programmable I/O ports 
(Ports PO, P1, P2, P3, P5, P6) ee eC 48 
e Input port (Port P4) Rownde Meas cess saresetoke 3(DIP), 8(QFP) 
a Output ports (Ports D-Aj, D-A>) Ssnsosae, Sia we tine sean ena eesce% y) 
APPLICATION 


Slave controller for PPCs, facsimiles, and page printers. 


M37450M8-XXXSP/FP| 16384 bytes 384 bytes 





PIN CONFIGURATION (TOP VIEW) 


P37/Srpy > 
P36/Scik 
P35/TxD +> 
P34/RxD + [4] 
P33/PWMour ** 160} > D-A, 
P3./EV3 + L6| 
P3,/EV2 






Vec 
AVss 




















1/O port P3 D-A output 














input port P4 









P5,/DB, + [39] 
P5¢/DBg ++ [10] 
P5;/DBs + [11] 
P5,/DB, + 
P5,/DB, + 
























1/O port P5 1/0 port PO 








dSXXX-8W0SrZEW 
10 

dSXXX-PWOSPZEW 
iO 

dSXXX-cWOSPZEWN 






1/O port P6 
1/O port P1 





P 
Read/Write 
status output 
Synchronous SYNC — 
signal output 










Reset input 





Clock input Xin > 1/0 port P2 


Clock output 












+ P2./Ds 


Timing output +> P2./De 





Outline 64P4B 





, 








> P33/PWMourt 


eae P32/EV3 

+> P3,4/RxD 
+> P35/TxD 
+ P3.6/Scik 
+ P37/Srpy 








ddaXxX-8W0SPZEW 
4O 

dixXXX-vVWOSPZEW 
iO 

d4XXX-cWOSPrleW 













RESETour — 


P29/Dg ++ (3) 


Outline 80P6 


NC : No connection 


HDD, optical disk, inverter, and industrial motor controllers. 
Industrial robots and machines. 
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M37450M2-XXXSP BLOCK DIAGRAM 


Clock Clock Timing Reset 














input output output input _ 
Xin Xout ¢ RESET R/W SYNC Voc Vss 
g a a C26) ---——_-— --@—_——_ - -————— eee se roe leer 7 











Instruction 
register 
8 


instruction 
decoder 


| Control signal 


I 


i] 
Data bus 
! 
t 


SC 1 EE 
<7] ~=CsTimer Timer 2 latc 
6) a 
fea| | [ener 


imer 3 latc J 
(16) oes 


Program § Program 
counter counter 
PCH(8) | PCL(8) 





} 






: 
\ 











Index 
register 





pointer plier/ 


divider 


register 











WL 
IBF,OBE mri 
|| ete) || tale 
Bus interface a: Serial ed 
Le Wa, AAA A | | A AT ode 





= a PN ee ee 
ils [sf ee ee ae ee 
ttl LE TPT EEL LLL 
539 45¥46147148) 4950) 
D 
P1 


P2(8 
ww wi 
setae il Aree ULL IL lt 
bach CONIDIA 6KEIEI— - —G0E) DABOOOD®—-GIBVBIOGSISIEIAO) ANAT) (5)6263E4E8G0—2 me 
—~_ —_—_—_r ——_—_.-—_-———" / AVsss———~-_"~’ | -A, ———__------—’ SSS eee SSS CNVsg 
1/O port P6 I/O port P5 Veer Input portP4 = D-A, I/O port P3 O port P2 1/O port 1/O port PO 


Note 1 : 256 bytes for M37450M4-XXXSP and 384 bytes for M37450M8-XXXSP 
- 2! 8192 bytes for M37450M4-XXXSP and 16384 bytes for M37450M8-XXXSP 


di/dSXXX-VINOSPLEW da/dSXXX-ZWOSPZEW 


YALNMWODOUDIW SOW) LIE-8 dIHO-ATINIS 
SHYALNMUWODOXDIN IHSISNSLIW 


dij/dSXXX-SINOS?PZEIW 


M37450M2-XXXFP BLOCK DIAGRAM 















Clock Clock Timing Reset Reset 
input output output input output Be tee 
Xin Xout p RESET RESEToyr WR RD R/W SYNC View Vee 
- a ora -—@)-9-9-@—. - ——®- --@-@— - ———_ - ——_ - - - Se 
Data bus 


register 
Instruction 
Register 


(8) 


Instruction 
decoder 


Control signal 





3 
@ 
ca 
_| 


| 


Program ¥ Program 
counter ¥ counter 
PCH(8) J PCL(8) 


Timer 1 latch 


FI imer 2 latc 






hi 


7 
| 

A 
a 
| 
oO 


ll 
i 
i 


I 


K 


ae 


he 
ea 
NA 
=3 
QE 
ee eee 
3 
-~O 


se 


——— 
Ise width 


Pu 
<A modulator 


_ os 
(o>) 
~~ 















Processor 


status 
register 








Index 
register 


Y(8) 


Stack 
pointer 


S(8) 


AD ( 
COMP el 

BRG 

es, 
FOBE me 
Bus A-D D-A 
Pinetice |) Lestterd | | Lesetned| sere vo 
IFT ww RATT AKT cea 


j}-—__\—| Sa, PN ea oN 
| | ee a \I Sees Jif 
we yp) Le) Le | [ee ee [ow 
SErccmmmmPHAGVONDUUDURURIAUGIOraodleacalONGNOVQNGONTOM@OROOLE 
nee bi NE GEHENI6OGDED 6E9EDEOED 
0 
Oo P 


















SEREES SRE R2e z 
Suen eeeeeRRCnumeneplel : 
debdbcotaed ~ AX QXEXD ODL 7VEILO-CHEIONEDE EHC IES -GBEHED-L4HHCECAGIINOD) — BSI CHS ISH 5) OSS 
AVss D-A, CNVss 
1/O port P6 1/O port P5 ADVper Input port P4 D-A> 1/O port P3 1/O port P2 i/O port P1 1/O port 
AVec DAVarer 


Note 1 : 256 bytes for M37450M4-XXXFP and 384 bytes for M37450M8-XXXFP 
2: 8192 bytes for M37450M4-XXXFP and 16384 bytes for M37450M8-XXXFP 





dia/dSXXX-VINOSPZEW dj/dSXXX-ZINOSPLEW 


YSALNMWODOUDIN SOW) LIES dIHO-ATINIS 
SYALNdMUWODOUDIW IHSISNSLIW 


dij/dSXXX-SINOS?PZEIN 
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FUNCTIONS OF M37450M2-XXXSP/FP, M37450M4-XXXSP/FP, M37450M8-XXXSP/FP 


Number of basic instructions 71(69 MELPS 740 basic instructions+2) 


Instruction execution time 
Clock frequency 


ROM 
RAM 


M37450M2-XXXSP/FP 





Memory size 


M37450M4-XXXSP/FP 





ROM 


0 8s (minimum instructions, at 10MHz frequency) 
1OMHz (max ) 

4096 bytes 

128 bytes 

8192 bytes 

256 bytes 





| 16384 bytes 





M37450M8-XXXSP/FP 





RAM 





384 bytes 
8-bitXx6 » 





2-bitX 1 





UART or clock synchronous 





16-bit tmerX3, 


P0-P3, P5, P6 
Input/Output ports [pa s—<—~sé‘s;s*ésd ptt ss 3-bitX 1 (8-bitX1 for 80-pin model) 
Serial 1/O 
Timers 








A-D converter 

D-A converter 

Pulse width modulator 
Data bus buffer <— 








Subroutine nesting 


Interrupt 


Ciock generating circuit 


Supply voltage 
Power dissipation 







Input/Output voltage : 
Output current 


Operating temperature range 


Input/Output characters 


Memory expansion 






Device structure 





M37450M2-XXXSP 
M37450M4-XXXSP 
M37450M8-XXXSP 











| Be timer (serial 1/O baud rate generator) <1 


8-bitX3 channels (8 channels for 80-pin model) 
8-bitX 2 channels 

8-bit or 16-bitX1 

1-byte input and output each 

64-levels (max for M37450M2) _ 

96-levels (max for M37450M4, M37450M8) 

6 external interrupts, 8 internal interrupts 

1 software interrupt 





Built-in (ceramic or quarts crystal oscillator) 
5V+10% 

30mW (at 10MHz frequency) 

5V oe 

-5mA (max.) 

Possible 

—10 to 70°C 

CMOS silicon gate 





64-pin shrink plastic molded DIP 














Package 

2 M37450M2-XXXFP ie 
M37450M4-XXXFP 80-pin plastic molded QFP 
M37450M8-XXXFP 

ie are MISS | 
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Input/ ae 
Output unctions 
Vcc: Supply voltage 
ss 


— 


XIN Clock input 
Xout Clock output 


Timing output Output Outputs signal consisting of oscillating frequency divided by four 





PIN DESCRIPTION 





Power supply inputs 5V+10% to Voc, and OV to Vss 







< 









Controls the processor mode of the chip. Normally connected to Vsg or Vcc 





To enter the reset state, the reset input pin must be kept at a “L” for more than 8 clock cycles (under nor- 
mal Vcc conditions). If more time 1s needed for the crystal oscillator to stabilize, this “L” condition should 
be maintained for the required time 







This chip has an internal clock generating circuit To control generating frequency, an external ceramic or a 
quartz crystal oscillator ts connected between the Xiy and Xour pins If an external clock 1s used, the clock 
source should be connected to the Xjy pin and the Xour pin should be left open 








SYNC Synchronous Output This signal is output “H” during operation code fetch and 1s used to control single stepping of programs 
signal output 





© 
| 








R/W Read/Write Output This signal determines the direction of the data bus It is “H” during read and “L” during write : 
status output ? 
__—-—_——_____| 
PQ ,-P0; 1/O port PO 1/0 Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 


Input or output The output structure 1s CMOS output The low-order bits of the address are output except 
In single-chip mode 









Port P1 is an 8-bit I/O port and has basically the same functions as port PO The high-order bits of the 
address are output except in single-chip mode 


1/O port P1 













1/O port P2 


Z 


I/O port P3 


Port P2 is an 8-bit |/O port and has basically the,same functions as port PO Used as data bus except tn 
single-chip mode 











Port P3 ts an 8-bit I/O port and has basically the same functions as port PO Serial 1/O, PWM output, or 
event I/O function can be selected with a program 















Input port P4 







Input Analog input pin for the A-D converter The 64-pin model has three pins and the 80-pin model has eight 
pins They may also be used as digital input pins . 































































1/O port P5 1/0 Port P5 ts an 8-bit 1/O port and has basically the same functions as port PO This port functions as an 8-bit 
data bus for the master CPU when slave mode ts selected with a program 
P69-P67 1/O port P6 1/O Port P6 is an 8-bit I/O port and has basically the same function as port PO Pins P63-P67 change to a control 
bus for the master CPU when slave mode ts selected with a program Pins P69-P62 may be programmed as 
external interrupt input pins 
D-A,;,D-A, | D-A output Output Analog signal from D-A converter ts output 
Stale 
Vrer Reference voltage Input Reference voltage input pin for A-D and D-A converter This pin Is for 64-pin model only 
input 
ADVregr A-D reference Input Reference vajtage input pin for A-D converter This pin is for 80-pin model only 
voltage input © 
DAVrer D-A reference Input Reference voltage input pin for D-A converter This pin ts for 80-pin model only 
voltage input 
AVss Analog power supply Ground level input pin for A-D and D-A converter Same voltage as Vss is applied 
SSS SSS ————s 
AVcc Analog power supply Power supply input pin for A-D converter This pin ts for 80-pin model only Same voltage as Vcc Is applied 
In the case of the 64-pin model, AVcc is connected to Vcc internally 














Read signal Control signal output as active “L” when valid data is read from data bus This pin ts for 80-pin model! only 


output 


Output 


























Write signal 


| output 


RESET out Reset output ) output 









Output Control signal output as active “L” when writing data from data bus to external component This pin ts for 


80-pin model only 


















Control signal output as active “H” during reset It is used as a reset output signal for peripheral compo- 
nents This pin is for 80-pin model only 
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FUNCTIONAL DESCRIPTION 

Central Processing Unit (CPU) 

The M37450 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 

The FST and SLW instructions are not provided. 

The MUL and DIV instructions can be used. 

The WIT instruction can be used. 

The STP instruction can be used. 


MISRG2 Register 
The MISRG2 register is allocated to address OODFj.. Bits 0 


and 1 of this register are processor mode bits. This register 
also has a stack page selection bit. 


MISRG2 (address 00DF 1.) 


Processor mode bit 

00 : Single-chip mode 

01 : Memory expanding mode 
10 : Microprocessor mode 
_11 = Disable 

Bus interface enable bit 

0 : Disable 

1: Enable 

Bus interface mode bit 

0 : RD, WR bus 

1: R/W bus 

PWM enable bit 

0 : Disable 

1: Enable 

PWM mode selection bit 
0 : 8-bit high speed PWM 
1 : 16-bit high precision PWM 
Bus cycle control bit 

0 : Normal bus cycle 

1 :-Normal bus cycleX2 
Stack page selection bit 
0 : In page 0 area 

1: In page 1 area 





Fig. 1 Structure of MISRG2 register 
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MEMORY 

* Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 

¢ RAM 

RAM is used for data storage as well as a stack area. 

* ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 

¢ Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 


RAM(128 bytes) 
RAM(192 bytes) for 
for M37450M2 — 
M37450M4 
M37450M8 


RAM(192 bytes) 


RAM(64 bytes) 
for for 
M37450M8 | M37450M4 


ROM 
(8K bytes) 
for 
M37450M4 


ROM(16K bytes) 
for 


M37450M8 


ROM 
(4K bytes) 
for 
M37450M2 


Fig. 2 Memory map 





¢« Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

¢ Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 


Zero page 


Special page for 
subroutine call 
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00D1,,} PO directional register OOEC,.| PWM register (high-order) 


00D2:. OOED,,| Timer 1 control register 


00D3,,}P1 directional register OOEE,,| Timer 2 control register 


00D5,,¢| P2 directional register OOFO,¢ | Timer 1 register (low-order) 


00D4,, | P2 register OOEFi¢6] Timer 3 control register 
00D6,¢| P3 register 0OF1,¢ | Timer 1 register (high-order) 
00D7,.{|P3 directional register OOF2;6] Timer 1 latch (low-order) 


00D8i¢ O0OF3,6] Timer 1 latch (high-order) 
00DB,,| P5 directional register QOF6,,| Timer 2 latch (low-order) 


(low- 

: ser (high: 
00D9,_ [Reserved 00F 41 
0000, Peregser SS OOF 
00004«|P6 directional regio ———=d hey 
OODF,. MISRG2 0s OOFA,.] Timer 3 latch (low-order) 
00E016 QOFB,¢| Timer 3 latch (high-order) 
00316 [AcD control register 00FE«nterupt contr reaister 7 | 
0045 |[Data bus buffer register OOF 
O0ES 
006 
00S 
00 





Fig.3 SFR (Special Function Register) memory map 
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INTERRUPTS All interrupts except the BRK instruction interrupt have an 
Interrupts can be caused by 15 different events consisting interrupt request bit and an interrupt enable bit. The inter- 
of six external, eight internal, and one software events. rupt request bits are in interrupt request registers 1 and 2 
Interrupts are vectored interrupts with priorities shown in and the interrupt enable bits are in interrupt control regis- 
Table 1. Reset is also included in the table because its op- ters 1 and 2. Figure 4 shows the structure of the interrupt 
eration is similar to an interrupt. request registers 1 and 2 and interrupt control registers 1 
When an interrupt is accepted, the registers are pushed in- and 2. 

terrupt inhibit flag | is set, and the program jumps to the Interrupts other than the BRK instruction interrupt and reset 
address specified in the vector table. The interrupt request are accepted when the interrupt enable bit is “1”, interrupt 
flag is cleared automatically. The reset and BRK instruction request bit is “1”, and the interrupt inhibit bit is “O”. The in- 
interrupt can never be inhibited. Other interrupts are dis- terrupt request bit can be reset with a program, but not set. 
abled when the interrupt inhibit flag is set. The interrupt enable bit can be set and reset with a 

program. 


Reset is treated as a non-maskable interrupt with the high- 
est priority. Figure 5 shows interrupts control. 


Table 1. Interrupt vector address and priority. 


Vector addresses Remarks 
RESET FFFFie, FFFE16 Non-maskable 
Input buffer full interrupt FFFDi6, FFFCi¢ Valid only in slave mode 
7 



















w 


Valid only in slave mode 





S 


INT, interrupt 


Output buffer empty interrupt FFFBie, FFFAi6 
FFFQ1g, FFF8i¢ 








External interrupt (phase programmable) 


on 


[eo | FFF7ig, FFF6i6 External interrupt (phase programmable) 


INT». interrupt 


INT3 interrupt FFF5ig, FFF4ig External interrupt (phase programmable) 


Timer 1 interrupt 





26 | 
i ae FFF3iq) FFF2t6 Dee dea ea eed 
[Timer 2interrupt | 8 FFF116,_FFFOt. ee eee 
[Timer Sinterrupt | | FFEFi, FFEEre =| 
External event interrupt (phase programmable) 
Valid only when serial 1/0 is selected 
|A-D conversion completion flag | 15 | FFESi, FFEZe | 
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Interrupt request register 1 
(address 00FCj¢) 


Input buffer full interrupt request bit 
Output buffer empty interrupt 

_ request bit 
INT, interrupt request bit 
INT, interrupt request bit 
INT; interrupt request bit 
Timer 1 interrupt request bit 
Timer 2 interrupt request bit 


Timer 3 interrupt request bit 1 


Interrupt control register 1 
(address O0FE,,) 


Input buffer full interrupt enable bit 
Output buffer empty interrupt 

INT, interrupt enable bit enable bit 
INT. interrupt enable bit 

INT3 interrupt enable bit 

Timer 1 interrupt enable bit 


Timer 2 interrupt enable bit 


0: 
1 


Timer 3 interrupt enable bit 





Fig. 4 Structure of registers related to interrupt 


Interrupt request bit 


Interrupt enable bit 


Fig. 5 


Interrupt inhibit flag 


Interrupt control 


0: 


Interrupt request register 2 
(address O00FD;,) 


EV, interrupt request bit 
EV, interrupt request bit 
EV; interrupt request bit 
Serial !/O receive interrupt request bit 
Serial |/O transmit interrupt request bit 


A-D conversion completion interrupt 
request bit 


Interrupt disable 
: Interrupt requested 


Interrupt control register 2 
(address 00FF,,) 


EV, interrupt enable bit 
EV, interrupt enable bit 
EV 3 interrupt enable bit 
Serial |/O receive interrupt enable bit 
Serial |/O transmit interrupt enable bit 


A-D conversion completion interrupt 
enable bit 


Interrupt disable 
Interrupt enabled 


BRK instruction : Interrupt request 
reset 
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TIMER 
The M37450 has three independent 16-bit internal timers 
as shown in Figure 6. 
The timers are controlled by the timer i control register (i= 
1, 2,3) and MISRG1 shown in Figure 7 and 8. 
The timer and the timer latch are independent of each 
other and a value must be written in both when setting a 
timer. 
A write to a timer is performed in the order of T, to Ty, after 
setting the count enable bit to count inhibit “O”. 
A read from a timer is performed in the order of Ty, to Ty. 
The value of T, is latched in the read timer latch at the tim- 
ing when Ty, is read. All timers are decrement counters and 
are started by setting the timer i count enable bit to “1”. 
When the value of the timer reaches 0000,.¢, and overflow 
occurs and the timer i interrupt request bit is set to “1” at 
the next count pulse. 
During a reset or an STP instruction execution, the low- 
order byte of the timer 1 register is set to FF,— and the 
high-order byte is set to 03;, Also, when an STP instruction 
is executed, a frequency obtained by dividing the oscillat- 
ing frequency by four becomes the timer 1 input regardless 
of the timer 1 count source selection bit. This condition is 
canceled and the original count source is resumed when 
the timer i interrupt request bit is set to “1” or when a reset 
‘ occurs. Refer to the section on the clock generator for de- 
tails concerning the operation of the STP instruction. 
The M37450 provides seven timer modes selectable with 
the timer mode selection bit in the timer i control register. 








7 0 
+ 


imer i control register (i=1,2,3) 

Timer 1 control register (address O00ED,,) 
Timer 2 control register (address 00EE,.,) 
Timer 3 control register (address OOEF,.¢) 


Timer mode selection bit 

000: 16-bit timer mode 

001: Event count mode 

010: Pulse output mode 

011: Pulse period measurement mode 


100: Pulse width measurement mode 
101: Programmable waveform 
genration mode 
110: Programmable one-shot 
generation mode 
Timer count source selection bit 
0: f(Xin)/4 
1: INTi pin input 
Output level latch 
Event phase selection bit 
0: Fall 
1: Rise 


Fig. 7 Structure of timer i control register 


7 0 
MISRG1 (address OODE;.) 


INT, input polarity selection bit 


INT. input polarity selection bit 


INTs input polarity selection bit 
0: Fall 
1: Rise 


Timer 1 count enable bit 
Timer 2 count enable bit 


Timer 3 count enable bit 
0: Count disabled 
1: Count enabled 


Fig. 8 Structure of MISRG1 


Data bus 


OE ea 


Thy 
f(Xin)/4 


INTC) 


Count enable bit 





EV C) 


O 
8 


R 


L ! Tu 
TL 
8 


Thy 


= Timer interrupt request bit 


limer control 
register 


Data bus 


Fig.6 Timer block diagram 
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(1) 16-bit Timer Mode [000] 

In this mode, an interrupt request occurs and the value of 
the timer latch is loaded in the timer each time the timer 
overflows. 


The timer count source is set to f(X,;y) divided by four re- 
gardless of the count sorce selection bit. Assuming that the 
timer latch is n, the frequency dividing ratio is 1/(n+1). 
Figure 9 shows the timer operation duruing 16-bit timer 
mode. 


; Value set in 
timer latch 


; Timer interrupt 
request 





Fig. 9 16-bit ttmer mode operation 


(2) Event Count Mode [001] 

In this mode, the EVi pin input signal are counted in the 
direction selected by the event input polarity selection bit. 
The input signal from the EVi pin is used as the count 
source regardless of the count source selection bit. The 
operation is the same as with the 16-bit timer mode except 
for the difference in the count source. 

Both the “H” and “L” pulse width of the EVi pin input signal 
must be not less than (4/f(X,,))-+100ns. 

Figure 10 shows the timer operation during event count 
mode. 


Tk; Value set in 
timer latch 


TR , Timer interrupt 
request 





Fig. 10 Event counter mode operation 


(3) Pulse Output Mode [010] 

In this mode, a 50% duty pulse is output from the EVi pin. 
The count source selected with the count source selection 
bit is counted. When it overflows, the phase of the EVi pin 
output level is reversed and the value of the timer latch is 
loaded in the timer. 

When this mode is selected, the EVi pin output level is in- 
itialized to “L”. 

Figure 11 shows the timer operation during pulse output 
mode. 


, Value set tn 


timer latch 


, Timer interrupt 
000046 request 
EV pin 

output 

waveform 





Fig. 11 Square wave output mode 


(4) Pulse Period Measurement Mode 

[011] 
This mode is used to measure the pulse period of the EVi 
pin input signal. 
The timer counts the count source selected by the count 
source selection bit between the rise-to-rise or fall-to-fall 
interval (selected with the event input polarity selection bit 
in the timer i control register) of the EVi pin input signal. 
At a valid edge on the EVi pin input, the 1’s complement of 
the timer value is stored in the timer latch and the timer 
value is set to FFFF4.. 
Figure 12 shows the timer operation during pulse frequency 
measurement mode. 


T2 


EV pin. FFFF+TI TR 
input EVR EVR 


signal Event phase is valid rising edge 





Fig. 12 Pulse period measurement mode 
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(5) Pulse Width Measurement Mode [100] 


This mode measures the pulse width while the EVi pin in- 
put signal is “H” or “L”. 

Whether to measure the “H” or “L” interval is determined 
by the event input polarity selection bit. If this bit is “0”, the 
count source selected with the count source selection bit is 
counted while the input pulse is “H”. If it is “1”, the count 
source is counted while the input pulse is “L”. A 1's com- 
plement of the timer value is stored in the timer latch for a 
valid edge on the EVi pin input. In addition, the timer value 
is set to FFFF,, for an edge (both rise and fall) on the EVi 
pin input. Figure 13 shows the timer operation during pulse 
width measurement mode. 


00001. 


13 
T2 


T1 


FFFFics FeFF+T2 TR j 
EV pin 


input EVR 
signal 


Event interrupt input polarity is valid rising edge 
Measure width “L” of pulse 





Fig. 13 Pulse width measurement mode 


In pulse period measurement mode [011] and pulse width 
measurement mode [100], an EVi interrupt request is issued 
at the valid edge selected by the event phase selection bit. 
That is, an interrupt occurs at the end of the pulse period 
measurement or pulse width measurement. Also, when a 
timer overflow occurs, the count continues from FFFFi. 
without the value of the timer latch being loaded in the 
timer. 

Write to timer latch is inhibited in these modes. Furth- 
ermore, EVi interrupt is disabled during STP instruction ex- 
ecution. 


(6) Programmable Waveform Generation 
Mode [101] 

In this mode, the’ level set in the output level latch of the 

timer i control register is output to the EVi pin every time 

the timer overflows. 

The timer counts the source selected by the count source 

selection bit and when it overflows, the value in the timer 

latch is loaded in the timer. 

After it overflows, the value of the output level latch and the 

timer latch can be modified to generate any waveform from 

the EVi pin. 

Figure 14 shows the timer operation during programmable 

waveform generation mode. 


L, TLy and TL. 
initial values 





Fig. 14 Programmable waveform generation mode 


(7) Programmable One-shot Generation 
Mode [110] 


This mode uses the INTi pin input signal as a trigger and 
counts by writing the value of the timer latch in the timer. 
The output level of the EVi pin goes “H” when the trigger is 
issued and goes “L” when the timer overflows. 

The EVi pin level is initialized to “L” when this mode is 
selected. 

The timer count souce is set to f(X,,) divided by four re- 
gardiess of the count source selection bit. 

A valid edge of the INTi pin input trigger signal is deter- 
mined by the INTi phase selection bit of MISRG1 (OODE,,). 
Figure 15 shows the timer operation during programmable 
one-shot generation mode. 


L is one-shot 
pulse width 


0000, 
INT pin 
Input 
signal 


EV pin 
output signal 





Fig. 15 Programmable one-shot generation mode 


When the INTi pin input signal is selected as the count 
source for pulse output mode [010], pulse period measure- 
ment mode [011], pulse width measurement mode [100], 
and programmable waveform generation mode [101], the 
“H” and “L” pulse width of the input signal must not be less 
than (6/f( Xin) )+100ns. 
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SERIAL I/O eration timer (baud rate generator) is provided for serial 
Sérial |/O can operate in either clock synchronous or clock I/O operation. Figure 16 shows the structure of the regis- 
asynchronous (UART) mode. An exclusive baud rate gen- ters used for serial |/O. 


7 0 
SOOT mene! ye er) | T | | Pt fy [Serial vo control register (address 00E8,,) 


Transmit buffer empty flag 
0: Buffer full 
1: Buffer empty 


Receive buffer full flag 
0: Buffer empty 
1: Buffer full 


Transmit shift register shift 
completion flag 
0: Busy shifting 
1: Shift complete 
Overrun error (OE) flag 
0: No 
1: Yes 
Parity error (PE) flag 
0: No 





1: Yes 
Framing error (FE) flag | 


0: No 
1°: Yes 
Summing error (SE) flag 
0: No 
1: Yes 


UART control register (address 00E9,.) 


Character length selection bit 
0: 8 bits 
1: 7 bits 
Parity enable bit 
0: Parity disable 
1: Parity enable 
Parity selection bit 
0: Even parity 
1: Odd parity 
Stop bit length selection bit 
0: 1 stop bit 
1: 2 stop bit 


Fig. 16 Structure of registers related to serial I/O 
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BRG count source selection bit 
0: f(Xin) divided by 2 
1: f(Xiy) divided by 8 


Serial |/O synchronous clock selection bit 
0: BRG output divided by 4 
(when clock synchronous serial I/O 1s selected) 
BRG output divided by 16 
(when UART ts selected) 


1: External input clock 


Sarpy Output enable bit 
0 : P37 operates as normal I/O pin 
1: P3, change to Sppy output pin 


Transmit interrupt source selection bit 
0 : When transmit buffer becomes empty 
1: When transmit shift operation is complete 


Transmit enable bit 
0: Transmit disabled 
1: Transmit enabled 


Receive enable bit 
0: Receive disabled 
1: Receive enabled 


| Serial |1/O mode selection bit 


0 : Clock asynchronous (UART) serial 1/O 
1 : Clock synchronous serial |/O 


Serial 1/O enable bit 


0: Serial I/O disabled 
(P3,-P37 are normal I/O ports) 
1: Serial 1/O enabled 
(P3,-P3, are serial 1/O function pins) 
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(1) Clock Synchronous Serial 1/O 

Clock synchronous serial I/O is selected by setting the 
mode selection bit of the serial I/O control register to “1”. 
Figure 17 shows a block diagram of clock synchronous se- 


With clock synchronous serial I/O, the same clock is used 
as the operating clock between the transmitting and receiv- 
ing microcomputers. If an internal clack is used for operat- 
ing clock, transmit/receive is started by writing a signal in 


rial |/O and Figure 18 shows its operation. the transmit/receive buffer register. 


ata Dus 


address O0EBi« 


Receive buffer full flag (RBF) 


address 00E6,, 


Receive buffer register 
Receive shift register 


Shift clock 


Receive interrupt request (RI!) 


Clock control circuit 


es 
Clock | 


Frequency dividing ealncion 


css latio 1/(n+1) bit 


1/4 > 


Baud rate generator 


address QOEA;. 


Clock control circuit 


» 
47 


Transmit shift register 
ric 
Transmit buffer register 


address 00E6,, 


Shift clock 


fa 


Transmit shift register shift completion flag (TSC) 
Transmit interrupt request (TI) 


Transmit buffer empty flag (TBE) 


address 00E7 16 


Data Dus 





Fig. 17 Clock synchronous serial I/O block diagram 


Internal clock ¢ 


Transmit/receive shift clock 
1/2 to 1/2048 of internal clock ) 
or external clock | 


fae 


Serial output TxD 


Serial input RxD 


Receive ready signal 


Sroy 


Receive/transmit 
buffer register 
write signal to 
address 00E6,¢ TBE=0 ¥ 

TBE= 1 

TSC= 0 TSC= 1 


i Overrun error (OE) detected 


Use the transmit interrupt source selection bit (TIC) in the serial 1/O control register to specify whether to generate a transmit 
interrupt (TI) when the transmit buffer becomes empty (TBE=1) or when transmit shift operation completes (TSC=1) 

. If data is written in the transmit buffer register when TSC=O, transmit clock is generated continuously and serial data is output 
continuously from the TxD pin. 

. The receive interrupt (RI) is set when the receive buffer full flag (RBF) ts set 

. This example shows the case that the BRG count source is f(Xin)/2 and the contents of BRG reload latch is “001,” 





Fig. 18 Clock synchronous serial I/O operation 
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(2) Asynchronous Serial I/O (UART) 

UART is selected by setting the mode selection bit of the 
serial |/O control register to “0”. Figure 19 shows a block 
diagram of UART and Figure 20 shows its operation. 

With the M37450, one of eight serial data transmission for- 
mats can be selected with the UART control register as 
shown in Figure 16. The transmission format must be 
agreed upon between the transmit side and the recéive 
side. 


Data bus 
address 


OOE6i6 


The transmit shift register and the receive shift register has 
its buffer register respectively to perform serial data trans- 
fer (same memory addresses). 

Data cannot be written or read directly to/from the shift 
registers. Therefore, the data to be transmitted is written to 
a buffer register and the received data is read from a buf- 
fer register. The buffer registers can also be used to store 
data to be transmitted next or to receive 2-byte data con- 
secutively. 


I 
address 00E8;¢ 


Receive buffer full flag (RBF) 
Receive interrupt request (RI) 


address 00E9j, 


SI/O clock selection bit 


>» 
Frequency dividing ratio 1/(n+1) 


address 
O0E6 4, 


Vata Dus 





Fig. 19 UART serial I/O block diagram 


Transmit or receive 
clock 


Transmit buffer 
register write 
signal 


Serial output T,D ST { Do ) (i) 


1 start bit . 
7/8 data bits 
1/0 parity bits 
1/2 stop bits 


oe -—_______—. 


Receive buffer 
register read 
signal 


Serial input R,D 


TIC Transmit shift register shift completion flag (TSC) 
=a Transmit interrupt request (TI) 


Transmit buffer empty flag (TBE) 
address 00E74¢ 
I 


* Generated at the second 
stop bit if 2 stop bits set 


RBF= 1 


a eer 


Note 1. Error flag detection is performed as soon as RBF=1 (first stop bit for receive) 
2. Transmit interrupt (TI) is set to ether TBE=1 or TSC=1 according to the transmit interrupt source selection bit (TIC) in 
the serial |/O control register 
3. Receive interrupt (RI) is set by RBF=1 


Fig. 20 UART serial 1/O operation 
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[Serial I/O control register] SIOCON 

The serial |1/O control register is an 8-bit register consisting 
of selection bits for controlling the serial I/O function. 

* Serial I/O enable bit SIOE 

When this bit is set to “1”, serial 1/O is enabled and pins 
P3,4~P3,7 can be used as serial I/O function pins. 

- Serial /O mode selection bit SIOM 

This bit is used to select the serial 1/O operation mode. 
When this bit is “0”, asynchronous serial 1/O (UART), which 
transfers data using start and stop bits, is selected. When it 
is “1”, clock synchronous serial |/O which performs trans- 
mission and receive using the same clock is selected. 

- Receive enable bit RE 

Receive operation is enabled when this bit is set to “1” and 
pin P3, becomes a serial data input pin. 

- Transmission enable bit TE 

Transmission operation is enabled when this bit is set to 
“1”. Pin P38, becomes a serial data output pin and shift data 
is output. 

- Transmission interrupt source selection bit TIC 

This bit is used to selelct events that can cause a transmis- 
sion interrupt. 

- Spapy output enable bit SRDY 

If this bit is set to “1” when clock synchronous serial |/O is 
selected, pin: P37 becomes an Sprpy signal output pin and 
Sepy Signal is output. 

When an external clock is used during clock synchronous 
serial 1/O, the Sapy signal is used to notify the clock sender 
that it can send the serial clock signal. It goes “L” when 
data is written in the transmit/receive buffer register and 
goes “H” at the first fall of the receive clock. When using 
the Srpy signal, the transmission enable bit must be set to 
“1” even when performing receive only. 

- Serial 1/O synchronous clock selection bit SCS 

When this bit is “1”, pin P38, becomes an input pin and the 
external clock input from the Sci~. pin is selected as the 
serial |1/O synchronous clock. When this bit is “0”, the baud 
rate generator (BRG) overflow signal is selected as the se- 
rial |/O synchronous clock. Also, when this bit is “O” during 
clock synchronous serial I/O, pin P38, becomes an output 
pin and the shift clock is output from the So. pin. 

When clock synchronous serial I/O is selected, the baud 
rate generator (BRG) output signal divided by four or an 
external clock input is used. When UART is selected, the 
BRG output signal divided by sixteen or an external clock 
input signal divided by sixteen is used. 

- BRG count source selection bit CSS 

The baud rate generator is an 8-bit counter with a reload 
register. By setting a value n in the BRG register (address 
OOEAi¢) , the count source selected by the BRG count 
source selection bit is divided by (n+1). 














[UART control register] UARTCON 

The UART control regsiter is a 4-bit register consisting of 
control bits that are valid when UART is selected. The con- 
tent of this register is used to set the data format for serial 
data transmission/receiving. 

- Character length selection bit CHAS 

This bit is used to select the transmission/receiving charac- 
ter length. 

- Parity enable bit PARE 
When this bit is set to “1”, a parity bit is added next to the 
most significant bit (MSB) of the transmission data and 
parity is checked during receive. 

- Parity selection bit PARS 
This bit is used to specify the type of parity to be gener- 
ated during transmission and checked when data is re- 
ceived. The number of 1’s in the data is set to even or odd 
according to this bit. 

* Stop bit length selection STPS 
This bit is used to determine the number of stop bits to be 
used during transmission. 


[Serial I/O status register] SIOSTS 

The serial |/O status register is a 7-bit read only register 
consisting of serial |/O operation status flags and error 
flags. Bits 4 to 6 are valid only during UART mode. 

All bits of this register are initialized to “O” at reset, and 
when the transmit enable bit in the serial I/O control regis- 
ter is set to “1”, bits “O” and “2” change to “1”. 

- Transmission buffer empty flag TBE 

This bit is cleared to “O” when transmission data is written 
in the transmission buffer register and set to “1” when that 
data is transferred to the transmit shift register. It is also 
cleared when TE=0. 

- Receive buffer full flag RBF 

When receiving serial data, data is transferred to the re- 
ceive buffer register and this bit is set to “1” when the re- 
ceive shift register completes receiving a data byte. This 
bit is cleared when the data is read. This bit is also cleared 
when RE=0. 

- Transmit shift register shift completion flag TSC 

This bit is cleared to “O” when the data in the transmission 
buffer register is transferred to the transmit shift register 
and set to “1” when data shift completes. It is also set to 
“1” when TE=0. 

- Overrun error flag OE 

When continuously receiving serial data, this bit is set when 
the next data fill the receive shift register before the data in 
the receive buffer register has been read. 

- Parity error flag PE 

When receiving serial data with parity, this bit is set to “1 ” 
if the parity of the received data differs from the specified 
parity. 
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* Framing error flag FE 

This bit is set to “1” when there is no stop bit when trans- 
ferring data from the receive shift register to the receive 
buffer. 

- Summing error flag SE 

This bit is set when either overrun, a parity, or a framing 
error occurs. 

Tests for these errors are performed as soon as the data is 
transferred from the receive shift register to the receive 
buffer register and at the same time the receive buffer full 
flag is set. The error flags (OE, PE, FE, and SE) are 
cleared when any data is written in the serial |/O status 
register. Also, all status flags including error flags are 
cleared when SIOE=0. 
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BUS INTERFACE 

The M37450 is equipped with a bus interface that is func- 
tionally similar to the MELPS 8-41 series. Its operation can 
be controlled with control signals from the host CPU (slave 
mode). 

The M37450 bus interface can be connected directly to 
either a R/W type CPU or separate RD, WR type CPU. Fig- 
ure 21 shows a block diagram of the bus interface function. 
Slave mode is selected with MISRG2 (address OODF,,) bit 
2 and 3 as shown in Figure 22. 

An input buffer full interrpt occurs when data is received 
from the host CPU and an output buffer empty interrupt 
occurs when data is read by the host CPU. 

In slave mode, ports P5 9-P57 become a tri-state data bus 
used to transfer data, commands, and status to and from 
the host CPU. 

Furthermore, ports P6,-P67 become host CPU control signal 
input pins and P63 becomes a slave status output pin. 


[Data bus buffer status register] DBBSTS 
This is an 8-bit register. Bits 0, 1, and 3 are read-only bits 
indicating the status of the data bus buffer. Bits 2, 4, 5, 6, 
and 7 are read/write enabled user-definable flags that can 
be set with a,program. The host CPU can only read these 
flags by setting the AO pin to “H”. 


P5o/DBy O 
P5,/DB, 0 
P5./DB, O 
P53/DB, © 
P5,/DB, © 
P5,/DBs © 
P5,/DBg © 
P5;/DB; © 


= CPU data bus 





P6,/R/W/W © 


P6,/E/R © = 


P6;/CS O 


P6,/A0O 
P63/Proy © 


Fig. 21. Bus interface circuit diagram 
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Processor mode bit 
00: Single-chip mode 
01: Memory expanding mode 
10: Microprocessor mode 
11: Disable 
Bus interface enable bit 
0: Disable 
1: Enable 
Bus interface mode bit 
0: RD, WR bus 
1: R/W bus 
PWM enable bit 
0: Disable 
1: Enable 
PWM mode selection bit 
0: 8-bit high speed PWM 
1: 16-bit high precision PWM 
Bus cycle control bit 
0: Normal bus cycle 
1: Normal bus cyclex2 
Stack page selection bit 
0: In page 0 area 
1: In page 1 area 
Data bus buffer status register 
(address 00E54.) 
Output buffer full flag 
0: Buffer empty 
1° Buffer full 
Input buffer full flag 
0: Buffer empty 


1: Buffer full 
User definable flag 
User may freely define this flag 
aes AO flag 


Indicates the AO status when the 
IBF flag Is set 

User definable flag 

User may freely define this flag 























Fig. 22 Structure of bus interface relation registers 


RD WR DBB 
DBBSTS 


| eee | data 
bus buffer 


rate 


ee 


fo 





| Ue | Us JU, TAO | U2 LIBF LOBE | 
ala Heme SO SE 


bone ony Bi p= 


internal data bus 





MITSUBISHI MICROCOMPUTERS 


M37450M2-XXXSP/FP,M37450M4-XXXSP/FP 


M37450M8-XXXSP/FP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





- Output buffer full flag OBF 

This flag is set when data is written in the output data bus 
buffer and cleared when the host CPU reads the data in 
the output data bus buffer. It is initialized to “1” at reset and 
cleared to “OQ” when the slave mode is selected with the 
bus interface enable bit set. 

- Input buffer full flag IBF 

This flag is set when the host CPU writes data in the input 
data bus buffer and cleared when the slave CPU reads the 
data in the input data bus buffer. This bit is initialized to “O” 
at reset. 


AO Flag 
The level of the AO pin is latched when the host CPU writes 
data in the input data bus buffer. 


[Input data bus buffer] DBBIN 

Data on the data bus is latched in DBBIN when there is a 
write request from the host CPU. The data in DBBIN can 
be read from the data bus buffer register (SFR address 
00E44,). 


[Output data bus buffer] DBBOUT 

Data is written in DBBOUT by writing data in data bus buf- 
fer register (SFR address 00E4,,). The data in DBBOUT is 
output to the data bus (P5) when the host CPU issues a 
read request with setting the AO pin to “L”. 


Table 2. Control I/O pin functions when bus interface function is selected 


Bus interface Input/ 
mode bit Output 


Function 





ay Output 


Status output The NOR of OBF and IBF ts output 


= Input Address input Used to select between DBBSTS and DBBOUT during host CPU read 
: Also used to identify commands and data during write 


Chip select input Used to select the data bus buffer Select when “L” 














Input | Timing signal used by the host CPU to read data from the data bus buffer 


Input Inputs a timing signal E or inverse of ¢ 























Input Timing signal used by the host CPU to write data to the data bus buffer 








Input Input R/W signal used to control the data transfer direction When this signal is “L”, 
data bus buffer write is synchronized with the E signal When it is “H”, data bus buffer 
read 1s synchronized with the E signal 
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PWM 
The PWM generator has two program-selectable modes; 
the high-speed mode (8-bit resolution) and the high- 
precision mode (16-bit resolution) . Figure 23 shows a 
block diagram. 
The register MISRG2 (address OO0DF,,) shown in Figure 22 
is used to enable/disable the PWM and change its mode. 
When the PWM enable bit is set, the PWM timer starts 
from its initial state. 
As shown in Figure 24, the output frequency is 
(2X255)/f(Xin) Sts at f(Xin)=10MHz 
in high-speed mode and 
(2X65535)/f(Xin) 13.107ms at f(X;y)=10MHz 
in high-precision mode. 
The “H” width of the output pulse is determined by setting 
a value only in the PWM, register for high-speed mode and 
in both the PWM, and PWM, in this order for high- 
precision mode. 
If the value set in the PWM register is m, the “H” width of 
the output pulse is 
(PWM periodXm)/255 for high-speed mode and 
(PWM period Xm)/65535 for high-precision mode. 





Changes according to the value 
set in the PWM register 


| | 
| 
| 


PWM output | | | | 
] 


| 
+<————— Fixed period ————>| 


Fig. 24 PWM output 


Data bus 


PWM enabie bit 





Fig. 23 PWM generator block diagram 


xz PWM mode 
selection bit 
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A-D CONVERTER 

An A-D converter is an 8-bit successive approximation 
method. Figure 26 shows a block diagram of the A-D con- 
verter. 

The 64-pin model has three analog voltage input pins, the 
80-pin model has eight. 

A-D conversion is started by a write operation to the analog 
input pin selection bit of the A-D control register shown in 
Figure 25 and by selecting the analog voltage input pin. 
The A-D interrupt request bit in the interrupt request regis- 
ter 2 is set when A-D conversion completes. The result of 
A-D conversion is stored in the A-D register. 

The contents of the A-D register must not be read during 
A-D conversion and f(X;,) must be no less than 1 MHz dur- 
ing A-D conversion. 


0 


A-D control register 
(address 00E3,,) 


Analog input pin 
selection bit 


b2 b1 
0 0 
64 pin model ; 0 0 


0 | 


Note - Do not select pins other than ANo-AN> with the 64-pin model 





Fig. 25 Structure of A-D control register 


Data bus 


P4,/AN, ©O—— 
P4,/AN, 


O 
P4,/AN2 © 
O 


selector 


P43/AN3 


P4,/AN, © 


Channel 


P4;/ANs © 
P4./AN, O 


P4-/AN, © 


Fig. 26 A-D converter block diagram 


D-A CONVERTER 
Two 8-bit resolution D-A converter channels are provided. 
Figure 27 shows a block diagram of the D-A converter. 
D-A conversion is performed by setting a value in the D-Ai 
register (addresses 00E0,;, and 00E1,¢). The result of D-A 
conversion is output from the D-Ai output pin. 
The output analog voltage Vp, is determined by the value n 
(decimal) set in the D-Ai register as follows: 
Voa=DAVrer” Xn/256 

* Veer for 64-pin model. 





A-D control register 
(address 00E3,¢) 


= A-D interrupt request 


A-D control circuit 


A-D register 
(address 00E2,,) 


Ladder resistor 


R-2R ladder resistor 


DAVrer 
(Veer) 


Fig. 27 D-A converter block diagram 
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RESET CIRCUIT 

The M37450 is reset according to the sequence shown in 
Figure 30. It starts the program from the address formed by 
using the content of address FFFF,, as the high order 
address and the content of the address FFFE,, as the low 
order address, when the RESET pin is held at “L” level for 
no less than 8 clock cycles while the power voltage is 5V 


address 


(1) Port PO directional register 00D116 


(2) Port P1 directional register 00D31¢ 


(3) Port P2 directional register 00D5i¢6 


(4) Port P3 directional register 00D7 16 0046 


(5) Port P4 directional register OODBi¢ 0016 


OODD 6 0016 


(6) Port P5 directional register 
(7) MISRG1 OODE i, 
(8) MISRG2 OODFi¢ 
(9) D-A1 register 00E0i., 


(1) D-A2 register 00E1 16 


BRS 


0OE8,, 0016 


oem | | | | jojojo 


OOED:¢ 


(11) Data bus buffer status register O0ES5i¢ 


(12) Serial 1/O status register OOE7i¢ 
(13) Serial I/O control register 


(14) UART control register 


_|0}0} 0) 0/0 
00EFie |_| |0}0)0)0}0 


00F0;6 FF ig 


(18) Timer 1 control register 
(1s) Timer 2 control register OOEE:. 
(17) Timer 3 control register 


(18) Timer 1 register (low order) 


OOF 11.6 0316 


|_|} 0) 0}00] 
OOFE16 


ooFF.s | | |o|o}ololo| 
Cas 


Contents of address 
FFFFi¢ 


Contents of address 
(PC,) FFFE16 


(19) Timer 2 register (high order) 
(20) Interrupt request register 1 OOF Cig 
21) Interrupt request register 2 OOFDi6 
(2) Interrupt control register 1 
(23) Interrupt control register 2 
(4) Processor status register (PS) 


25) Program counter (PCy) 


HEE 


Note. Since the contents of both registers other than those listed 
above (including timer 1, timer 2, timer 3, and the serial |/O 
register) and the RAM are undefined at reset, it is necessary 
to set initial values 





Fig. 28 Internal state of microcomputer at reset 





10% and the crystal oscillator oscillation is stable and then 
returned to “H” level. The internal initializations following 
reset are shown in Figure 28. 

An example of the reset circuit is shown in Figure 29. The 
reset input voltage must be kept below 0.6V until the supp- 
ly voltage surpasses 4.5V. 


Supply voltage OV 


Reset input voltage OV 


M37450 


Fig. 29 Example of reset circuit 
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RESETour 
oe 2 KALK 2 SROS-PRO.S-QKEFFEXFFFEN Aor" ) 
Data TKD KPO POLY PS KAD) Om the vector table 


Note 1 : Frequency relation of f(Xiy) and ¢ is f(Xiy)=4° ¢. 
puoilenClocncyalee 2 : The mark “?” means that the address is changable 
depending upon the previous state. 


Reset address from 


Fig. 30 Timing diagram at reset 





MITSUBISHI MICROCOMPUTERS 


M374S50M2-XXXSP/FP,M37450M4-XXXSP/FP 


M37450M8-XXXSP/FP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





/O PORTS 


(1) 


Port PO 

Port PO is an 8-bit I/O port with CMOS output. 

As shown in the memory map (Figure 2), port PO can 
be accessed at zero page memory address 00D04¢. 
Port PO has a directional register (address 00D14.) 
which can be used to program each individual bit as 
input (“0”) or as output (“1”). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously ouptut value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read. When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 

Depending on the contents of the processor status reg- 
ister (bit 0 and bit 1 at address OODF,,), three different 
modes can be selected; single-chip mode, memory ex- 
panding mode and microprocessor mode. 

In these modes it functions as address (A;-Aj) output 
port (excluding single-chip mode). For more details, 
see the processor mode information. 

Port P1 

In single-chip mode, port P1 has the same function as 
port PO. In other modes, it functions as address (Aj5- 
Ag) output port. 

Refer to the section on processor modes for details. 
Port P2 

In single-chip mode, port P2 has the same function as 
port PO. In other modes, it functions as data (Do-D7) in- 
put/output port. Refer to the section on processor mod- 
es for details. 

Port P3 

Port P3 is an 8-bit I/O port with function similar to port 
PO. All pins have program selectable dual functions. 
When a serial 1/O function is selected, the input and 
output from pins P3,-P37 are determined by the con- 
tents of the serial I/O registers. 

This port is unaffected by the processor mode. 

Port P4 

This is an input-only port and may be used as an ana- 
log voltage input port. The number of ports is different 
for the 64-pin model and 80-pin model. The 64-pin 
model has three ports and the 80-pin model has eight 
ports. 

Port P5 

This is an 8-bit 1/O port with function similar to port PO. 
When slave mode is selected with a program, all ports 
change to the data bus for the master CPU. In this 
case, port input/output is unaffected by the directional 
register. 


This port is unaffected by the processor mode register. 
Port P6 

This is an 8-bit input/output port with function similar to 
port PO. 

When slave mode is selected with a program, ports 
P63-P67 change to the control bus for the bus interface 
function. In this case, port input/output is unaffected by 
the directional register. 

Ports P69-P6. are shared with the external interrupt in- 
put pins (INT;-INTs;) . The INT interrupt constantly 
monitors the status of this port and generates an inter- 
rupt at a valide edge. Therefore, if the INT interrupt is 
not used, it must be disabled and if it is used, this port 
must be set to input. 

Port D-A 

Port D-A consists of two analog voltage output pins. 
Any analog voltage can be generated by setting a 
value in the D-A register. 

? pin 

The internal system clock (1/4 the frequency of the 
oscillator connected between the Xin and Xouyr pins) is 
output from this pin. If an STP or WIT instruction is ex- 
ecuted, output stops after going “H”. 

SYNC pin 

This pin outputs a signal that is “H” during one cycle of 
the ¢ during operation code fetch. 

R/W pin 

This is a control signal output pin that indicates the loc- 
al bus direction in memory expanding and microp- 
rocessor modes. 

RD, WR pins 

These are local bus write and read timing signal output 
pins for memory expanding and microprocessor modes. 
A signal equivalent to the signal otuput from the R/W 
separated by the ¢ signal is output. 

These pins are used exclusively by the 80-pin model. 
RESETourt pin 

This pin goes “H” while the microprocessor is being 
reset. It can be used as a reset signal output pin for 
peripheral devices. 

This pin is used exclusively by the 80-pin model. 
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Re 

Databus | | 
Tes aaceG 

a 
Cie 

4 

Timer mode Mode 2 7 

selection bit Mode 5 D . 

mode 6 
Event counter input Serial 1/O output 
Timer output -~ Event interrupt input 
P 
33 P3, 

Serial 1/O clock selection bit 

peas Serial |/O enable bit 
Serial !/O mode selection bit 
Seipied faaseens Serial I/O enable bit 

Data register 


Data bus 


PWM enable bit 


PWM output 


External clock input 


Fig. 31 Ports PO-P6 block diagram (single-chip mode) and output only pin output format (1) 
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P37 Port P4 


Serial |/O enable bit 
Serial 1/O mode selection bit 
Srpy output enable bit 


oo 
; Directional register ae 
Data register 


= 


“4 







——~<}-—-O 













¢, R/W, SYNC, RD, WR, RESEToyr 


fi 


Data bus 





Serial ready output 
P50-P57 


P6;/CS 
P6,/R 


Bus interface enable bit 
4 


Directional register fo 
f Data register G rr 


et 








Data bus 


i 


(@P5p does not have a status register and OBF flag Is set 
@P5, does not have a status register and IBF flag 1s set 
@P5, does not have a status register and AO flag Is set 





P65-P62 P63 

4 
eee 
==. 
| < 


e 


Bus interface enable bit 


aces 
Directional register 


Data register 















Data bus 
: Data bus 






Interrupt input 


P6,4-P67 Bus interface enable bit 


E . 
G Directional register “ 
Data register 


a 


4 






Data bus 


cy 







DBB control input P6,:--::: AO input 
P65°°-"-- CS input 
PGg° tt R/E input 


DBB control input ateagns 6 
P67°-":°: W/R/W input 


Fig. 32 Ports PO-P6 block diagram (single-chip mode) and output only pin output format (2) 
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PROCESSOR MODE 

By changing the contents of the processor mode bit (bit 0 
and 1 at address O0DF,¢), three different operation modes 
can be selected; single-chip mode, memory expanding 
mode, and microprocessor mode 

In the memory expanding mode and the microprocessor 
mode, ports PO-P2 can be used as address, and data in- 
put/output pins. 

Figure 34 shows the functions of ports P0O-P2. 

The memory map for the single-chip mode is illustrated in 
Figure 1 and for other modes, in Figure 33. 

By connecting CNVss to Vsgs, all three modes can be 
selected through software by changing the processor mode 
bits. Connecting CNVss to Vcc automatically forces the 
microcomputer into microprocessor mode. 

The three different modes are explained as follows: 


Internal ROM 


expanding 
mode 


Microprocessor 
mode 


The shaded area is external memory area 





(1) Single-chip mode (00) 
The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNVss is con- 
nected to Vss. Ports PO-P2 will work as original I/O 
ports 

(2) Memory expanding mode (01) 
The microcomputer will be placed in the memory ex- 
panding mode when CNVsgg is connected to Vss and 
the processor mode bits are set to “01”. This mode is 
used to add external memory when the internal mem- 
ory is not sufficient. 
In this mode, port PO and port P1 are as a system 
address bus and the original I/O pin function is lost. 
Port P2 becomes the data bus of D7-Do (including in- 
struction code) and loses its normal I/O functions. 

(3) Microprocessor mode (10) 
After connecting CNVsg to Vcc and initiating a reset or 
connecting CNVsgs to Vsg and the processor mode bits 
are set to “10”, the microcomputer will automatically 
default to this mode. In this mode, the internal ROM is 
inhibited so the external memory is required Other 
functions are same as the memory expanding mode. 
The relationship between the input level of CNVss and 
the processor mode is shown in Table 3. 


Fig. 33. External memory area in processor mode (M37450M2) 
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Single-chip mode 





Microprocessor 
mode 










Port PO 







Ports P0,- P0o 


x 1/0 port 


Ports PQ7- POQo 


Address A7-Ag 


Same as left 








Port P1 Ports P17-P19 Ports P17-P1o 


x 1/0 port Address Aj5-Ag 






Same as left 















Ports P27-P2, 


X 1/O port 






Port P2 





Ports P27-P25 


se Sse Data : 
} 


Same as left 


Fig. 34 Processor mode and function of port PO-P2 


Table 3. Relationship between CNVsg pin input level and processor mode 


| CNVsg | Mode Explanation 


Vss * Single-chip mode The single-chip mode ts set by the reset 


* Memory expanding mode All modes can be selected by changing the processor mode bit with the program 
* Microprocessor mode 








Voc ¢ Microprocessor mode The microprocessor mode ts set by the reset 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
37. 

When an STP instruction is executed, the internal clock ¢ 
stops oscillating at “H” level At the same time, FFj., is set 
in the low-order byte of timer 1, 03,6 is set in the high-order 
byte, and timer 1 count source is forced to f(X,,) divided 
by four. This connection is cleared when timer 1 overflows 
or the reset is in, as discussed in the timer section. 

The oscillator is restarted when an interrupt is accepted 
However, the clock ¢ keeps its “H” level until timer 1 over- 
flows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 

When the WIT instruction is executed, the clock ¢ stops in 
the “H” level but the oscillator continues running. This wait 
state is cleared when an interrupt is accepted Since the 
oscillation does not stop, the next instructions are executed 
at once. 

To return from the stop or the wait status, the interrupt en- 
able bit must be set to “1” before executing STP or WIT in- 
struction. Especially, to return from the stop status, the tim- 
er 1 count enable bit must be set to “1” and the timer 1 in- 
terrupt enable bit must be set to “0” before executing STP 
instruction. 

With the M37450, the MISRG2 bit 6 shown in Figure 22 can 
be used to double the bus cycle. However, the timer, 
UART, and PWM operations are unafffected. This facilitates 


Interrupt 
request 


Interrupt 
disable flag | 


STP tnstruction 


Bus cycle control bit 


Timer 1 count enable bit 


Fig. 37 Block diagram of clock generating circuit 


instruction 





accessing of slow peripheral LSIs when external memory 
and !/O are extended in memory expanding mode or mic- 
roprocessor mode Note that this bit also affects the bus cy- 
cle in single-chip mode. 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 35. 

The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 

The example of external clock usage is shown in Figure 36. 
Xin is the input, and Xoyr iS open. 


M37450M2-XXXSP 


Xout 





Fig. 35 External ceramic resonator circuit 


M37450M2-XXXSP 
Xin 


External oscillating circuit 





Fig. 36 External clock input circuit 


Reset 


STP instruction 


-: Internal clock ¢ 
- 

Q ; 
on x 


» 
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PROGRAMMING NOTES 


(1) 


1:4 


(2) 


(3) 


Ls 


(4) 


tes 


(5) 


Processor status register 

Except for the interrupt inhibit flag (1) being set to 

“4”, the content of the processor status register (PS) 

is unpredictable after a reset. Therefore, flags affect- 

ing program execution must be initialized. 

The T flag and D flag which affect arithmetic opera- 

tions, must always be initialized. 

. A NOP instruction must be used after the execution 
of a PLP instruction. 

Interrupts 

Even though the BBC and BBS instructions are ex- 

ecuted just after the interrupt request bits are modified 

(by the program), those instructions are only valid for 

the contents before the modification. Also, at least one 

instruction cycle must be used (such as a NOP) be- 

tween the modification of the interrupt request bits and 

the execution of the BBC and BBS instructions. 

Decimal operations 

Decimal operations are performed by setting the de- 

cimal mode flag (D) and executing the ADC or SBC 

instruction. In this case, there must be at least one 

instruction following the ADC or SBC instruction be- 

fore executing the SEC, CLC, or CLD instruction. 

. The N (Negative), V(Overflow), and Z(Zero) flags 
are ignored during decimal! mode. 

Timers 

The frequency dividing ratio when n (0 to 65535) is 

written in the timer latch is 1/(n+1). 

When directly writing a value in the timer, set the 

count enable bit to count disable (0) and write in the 

low-order byte first and then in the high-order byte. 

The timer value must be read from the high-order 

byte first. 

Serial I/O 

In clock synchronous serial |/O mode, if the receiver is 

to output an Sapy using an external clock, the receive 

enable bit, Sapy output enable bit, and transmission en- 

able bit must be set to “1”. 

A-D conversion 

The comparator consists of coupling capacitors that 

lose their charge when the clock frequency is low. 

Therefore,f( Xx) must be no less than 1MHz during A-D 

conversion. (If the bus cycle control bit is “1”, the bus 

cycle is doubled and the A-D conversion time is also 

doubled, therefore, f (Xij) must not be less than 

2MHz.) Also, the STP and WIT instructions must not be 

executed during A-D conversion. 

STP instruciton 

The STP instruction must be executed after setting the 

timer 1 count enable bit (bit 4 at address OO0DE,,) to 

enable (“1”). 








(8) 


Ls 


Multiply/Divide instructions 
The MUL and DIV instructions are not affected by 
the T and D flags. 


2. The contents of the processor status register are un- 


affected by multiply or divide instructions. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

¢ mask ROM order confirmation form 

* mark specification form 

* ROM data:::::- EPROM 3 sets 
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ABSOLUTE MAXIMUM RATINGS 


| Voc __| Supply voltage 
| Vv, _| Input voltage Xin, RESET 


| Symbol 
Input voltage PQ o-P07, P1p-P17, P29-P2z, 
P39-P37, P4-P47, P5o-P5z, 
P6o-P67, ADVrer, DAVrer, 
Veer, AVcc 
Input voltage CNVgs 


Conditions 


With respect to Vss 
Output transistors are 
at “off” state 


Output voltage PO9-P07, P19-P17, P2o-P27, 
P3o-P37, P5o-P57, P6-P67, Xout: 7) 
R/W, RD, WR, SYNC, RESETourt 


Voc 
Vi 
Vi 
Vi 
Vo 
| Pq Power dissipation 


Topr Operating temperature 


Storage temperature 


Note 1 : 500mW in case of the flat package 








RECOMMENDED OPERATING CONDITIONS 


(Voc=5V10%, Ta=—10 to 70C unless otherwise noted) 











Limits 





Parameter 










Supply voltage 
Supply voltage 
“H” input voltage RESET, Xin, CNVsg (Note 1) 
“H” input voltage PQ9-P07, P19-P17, P29-P27, 
P3o-P37, P49-P47, P5o-P5z, 
P6o-P67 
(expect Note 1) 
“L” input voltage CNVsgs (Note 1) 
“L” input voltage PQ9-P07, P19-P17, P29-P27, 
P39-P37, P49-P47, P5o-P57, 
P69-P67 
(expect Note 1) 
“L” input voltage RESET 
“L” input voltage Xin 






















































“L” peak output current POQg-PO7, P19-P17, 
P29-P27, P3p9-P3z, 
P5o-P57, P69-P67 
“L” average output current PQ9-P07, P1o9-Pty, 

P29-P27, P39-P3z, 
P5o-P57, P69-P67 (Note 2) 
“H” peak output current PO -P07, P19-P17, 
P29-P27, P38 9-P37, 
P59-P57, P69-P67 
“H” average output current POQo-P07, P19-P17, 
P29-P27, P83 9-P37, 
P5o-P57, P69-P67 (Note 2) 
Internal clock oscillating frequency 





lou(peak) 



















lot(avg) 


lon(peak) 


lon(avg) 


- Ports operating as special function pins INT,-INT3(P69-P62), EV;-EV3(P39-P3.), RxD(P3,), 
Soik( P38.) 
tao lo-(avg) 4d lon(avg) are the average current in 100ms _ 
3 : The total of Io, of Port PO, P1 and P2 should be 40mA (max.) 
The total of lo, of Port P3, P5, P6, R/W SYNC, RESETour, RD, WR and ¢ should be 40mA (max ) 
The total of Io, of Port PO, P1, and P2 should be 40mA (max ) : 
The total of lo, of Port P3, P5, P6, R/W, SYNC, RESETouz, RD, WR, and ¢ should be 40mA (max ). 
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lot =2mA 













P39-P37, P5o-P57, P6o-P67, 
“L” input current POQg-P07, P19-P17, P29-P27, 


ELECTRICAL CHARACTERISTICS (Vcc=5V+£10%, Vss=0V, Ta=—10 to 70°C, f(Xiny)=10MHz) 
y arameter est conaitions 
a | Min | Typ | | Max | 
“H” output voltage RD, WR, R/W, SYNC, RESETour, ¢ lon =— 2mA IVeo-1] | CT 
7, “H” output voltage PO -P07, P19-P17, P29-P27, 
on P39-P37, P5p-P57, P69-P67 
Voi PS0-P37,_P5o-P: 
RD, WR, R/W, SYNC, RESETour, ¢ 
“L” output voltage PQ 9-P07, P19-P17, P29-P27, 
Voit lo. = 
P39-P37, P5p-P57, P6o-P6; - 
Hysteresis INT;-INT3(P69-P32), EV1-EV3(P39-P3.), 
Vy4.— Vr— F ; 
RxD(P34), Scix(P3e) unction input level 0.3 
P39-P37, P4o-P47, P5o-P5z, 
P69-P67, RESET, Xi 
“H” input current PQo-P07, P19-P17, P29-P27, 
P3o-P37, P49-P47, P59-P57, Vi =Vec 
P6-P67, RESET, Xin 


“L? output voltage POo-P07, P1 o-P1 V5 P2o9-P27, 
RAM retention voltage 








Nie 
























At stop mode 


f(Xin) = 10MHz 
At system operation 









Supply current 


Note 1 : The terminals RD, WR, SYNC, R/W, RESETour, ¢, D-A; and D-A, are all open The other ports, which are in the input 
mode, are connected to Vsg A-D converter is in the A-D completion state The current through ADVper and DAVrer Is not 
included. (Fig 41) 


A-D CONVERTER CHARACTERISTICS 


(Voc=AVoc= 5V, Vss=AVes= OV, Ta =25C, f(Xin)=10MHz unless otherwise noted) 


eae 

Ladder resistance value ADVrer= 5 V 
Reference input current ADVrer= 5 V 
Analog power supply input voltage 
Analog power supply input voltage 





P= | Reson SC~C~SCSY 
Full scale deviation Voec= DAVprer=5V 


aie 
teu «di Sete SCSC~—~—SCSCSCSY 
F Ro | Outputresistance 
Analog power supply input voltage 

Reference input voltage 

Reference power input current (Each pin) 
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TIMING REQUIREMENTS 
Port/single-chip MOdE (Vcc=5V+10%, Vss=0V, Ta=—10 to 70C, unless otherwise noted) 


Symbol Parameter Test condition 


Port PO input setup time . | 200 | 
Port P1 input setup time | 200 | | 
Port P2 input setup time 


20 

en 20 

= 20 
tsu(psp—¢) | Port P3 input setup time 

tsu(pap—¢) | Port P4 input setup time 20 

20 





















0 
0 
0 
0 
Port PS input setup time 0 Ee ol 





Port P6 input setup time 200 a 

Port PO input hold time im 40 
th(g—p1p) Port P1 ‘input hold time 40 — 
th( ¢—P2b) Port P2 input hold time Fig 38 40 ead 
Port P3 input hold time 40 ae 
Port P4_ input hold time 40 | 
eee 





—s 
& 
So 


th( ¢—PsbD) Port PS input hold time 
thi g—pep) Port P6 input hold time 


to (Xin) External clock input cycle time 
tw(XinL) External clock input “L” pulse width 
tw(XinH) External clock input “H” pulse width 


tr(Xind External clock rising edge time | 
te Xin) External clock falling edge time 


5 |5 
nin 


100 









WIiWlots 
NO] RO 
O1O 








Master CPU bus interface timing (R and W separation type mode) 
(Vec=5V+10%, Vss=0V, Ta=—10 to 70°C, unless otherwise noted) 


Parameter Test condition 


tsu(cs—r) | CS setup time 


tsu(cs—w) CS setup time 


CS hold time 





thiw—cs) CS hold time 
AO setup time 
AO setup time 





AO hold time 

AQ hold time 
twcR) Read pulse width 

Write pulse width 

Date input setup time before write 

Date input hold time after write 














Master CPU bus interface timing (R/W type mode) 


(Voc=5V+10%, Vss=0V, Tg=—10 to 70°C, unless otherwise noted) 


cs setup time 
th(e—cs) CS hold time 

AO setup time 
thie—a) AO hold time 
tsu(RW—e) R/W_ setup time 


th(e—rw) R/W_ hold time 
tWw(eL) Enable clock “L” pulse width 


tw(eH) Enable clock “H” pulse width 





Enable clock rising edge time 


Enable clock falling edge time 





tsu(p—e) Data input setup time before write 








thc e—pb) Data input hold time after write 
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Local bus/memory expansion mode, microprocessor mode 


(Vcc=5V+10%, Vss=0V, Ta=—10 to 70, unless otherwise noted) 
Symbol Parameter 
tsu(p—¢) Data input setup time 


Data input hold time 














Data input setup time 
Data input hold time 
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SWITCHING CHARACTERISTICS 
Port/single-chip Mode (Vcc=5V+10%, Vsg=0V, Ta=—10 to 70°C, unless otherwise noted) 


Port PO data output delay time 

Port P2 data output delay time . 

Port P6 data output delay time Fig 38 
Cycle time ae 



























tw(¢H) ¢ clock pulse width (“H” level) 
tw(¢L) ¢ clock pulse width (“L” level) 


¢ clock rising edge time 


¢ clock falling edge time 





tfc) 


Master CPU bus interface (R and W separation type mode) 
(Voc=5V+10%, Vss=0V, Ta=—10 to 70°C, unless otherwise noted) 


Symbol Parameter Test condition 


alg 


ata output enable time after read 








ta(a—p) 
tv(R—pb) Data output disable time after read 





teLH(R—pr) | Proy output transmission time after read 








tepLuy(w—pr) | Proy output transmission time after write 





Symbol Test condition 
ta(e—p) Data output enable time after read 





Data output disable time after read 
Proy output transmission time after E clock 








Local bus/memory expansion mode, microprocessor mode 
(Voc=5V+10%, Vss=0V, Tg=—10 to 70°C, unless otherwise noted) 


Symbol Parameter Test condition 


td(g—a) Address delay time after ¢ 
Address effective time after ¢ 
Address effective time after RD 


) 
tviwra—a) Address effective time after WR 
td(¢g—p Data output delay time after ¢ 


) 
Data output delay time after WR 

Data output effective time after ¢ 

Data output effective time after WR 

R/W delay time after ¢ 

SYNC delay time after ¢ 

RD pulse width 

WR pulse width 
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TEST CONDITION 


Input voltage level > Vy, 2.4V 
Vir 0.45V 
Output test level > Voy, 2.0V 


Vo. 0.8V 





Fig. 38 Test circuit in Fig. 39 Master CPU bus interface Fig. 40 Local bus test circuit 
single-chip mode ' test circuit 


loc 
(test point) 


Voc other power 
AVoc supply 
aS 


ADVrer 
DAVrer 


D-A1 
D-A2 
RD 
WR 
R/W 
SYNC 
RESETout 


g 


Xout 





Fig. 41. loco (at stop mode) test condition 
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TIMING DIAGRAM 


Port/single-chip mode timing diagram 


to (xn) twOunH) tw(xnl) 






Xin 
toi) 
P 2.0 2.0 2.0 
; 0. 8 0.8 
trig) 

2.4 ya 

Port Pi input 0. 45 0. 45 
td(¢—pip) thi¢g—pip) 


Port Pi out ay 
ie) | output 
‘i 0.8 


Note : Viy=0. 8Vcc; ViL=0. 16Voc of Xin 


Master CPU bus interface/ R and W separation type timing diagram 
Read 


tsu(a—r) thcr—a) 
2.4 2.4 
a0 fos | | sD 


tsu(cs—r) thir—cs) 
cs 0. 45 a e 0. 45 


Pose 2.0 


| 


oe D) 
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Write 


tsu(a—w) thiw—a) 


AO 


=| 


DB y-DB,; 





2.0 


Proy 


tepLH(w—pR) 


Master CPU interface/ R/W type timing diagram 


twieL) tw(eH) 


; 0. 45 
tfce) 


bas th(e—a) 
; et 
R/W 0. 45 


th(e—cs) x 
cs 
0. 45 iL 0. 45 


read 


0.8 
D Bo- D By 


ta(e—p) ea 


< tyvie—p) 


tsu(a—e) 





tsu(p—e) - 
ae E—D) 


write ow 
0. 45 


DBo-DB; 


2.0 


Proy 
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Local bus timing diagram 


R/W 


SYNC 


Ao-Ai5 


Do-D; 


CPU read 


Dy-D7 


CPU write 


Ao-Ais5 


Do-D7 


CPU read 


Do-D7 


CPU write ~ 


to(¢) 
a 


twi¢H) tw(¢L) 


| 


td(¢—rw) 
trig) 


ui 


nul 


td(g—a) 
twig —a) 


LX 
il th(¢—p) 


4 


\/ 


tdi(¢—p) Genes 
Vi¢—D 


Si 


\/ 


tw(Rb) 


pa tv(AD—a) 


i 


tsu(p—RD) the 
RD—D) 


) 


twiwr 
— tv(wr—a) 


td(wr—p) ; 
V(WR-D) 
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DESCRIPTION 

The M37450S1SP/FP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP or an 80-pin plastic 
molded QFP. In addition to its simple instruction sets, the 
ROM, RAM and I/O addresses are placed on the same 
memory map to enable easy programming. It is suited for 
office automation equipment and control devices. The low 
power consumption made possible by the use of a CMOS 
process makes it especially suitable for battery powered 
devices requiring low power consumption. It also has a uni- 
que feature that enables it to be used as a slave micro- 
computer. 

M37450S1SP/FP, M37450S2SP/FP and M37450S4SP/FP 
have basically the same functions as M37450M2-XXXSP/FP 
except the RAM size and the fact that these three need ex- 
ternal ROM area. The differences among M37450S1SP/FP, 
M37450S2SP/FP and M37450S4SP/FP are as shown below. 


Also M37450S1SP has the same function as M37450M2- 
XXXSP/FP in microprocessor mode and M37450S2SP/FP 


has the same function as M37450M4-XXXSP/FP in micro- 
processor mode. 









FEATURES 

@ Number of basic instructions ee 71 
69 MELPS 740 basic instructions-+ 2: multiply/divide in- 
structions 

e Memory size ROM Peer cern crore eer e cece ns ence cece sceeetecs None 


RAM----+-+ 128 bytes (M37450S1SP/FP) 
256 bytes (M37450S2SP/FP) 
448 bytes (M37450S4SP/FP) 
@ Instruction execution time 
(minimum instructions at 10 MHz frequency) -:--- 0.8us 


e Single power supply SREVARTEEN ESS GEES Sia eee OES TREN eases 5V+10% 
@ Power dissipation normal operation mode 
(at 10MHz frequency) ee rer eee ere 30mW 
@ Subroutine nesting ----64 levels max. (M37450S1SP/FP) 
e Interrupt Weer ce veer cence rrv ere wss cere reserereresseesseers 15 events 
e@ Master CPU bus interface Sheer e cere reece recrecrenesescees 1 byte 
® 16-bit timer Cee e cere eee rece ca cere n rene re reese reer ta seeeeenesresens 3 
® 8-bit timer (Serial I/O TT: ) ree { 
@ Serial 1/O (UART or clock synchronous) -:7+:++++77881++ 1 
@ A-D converter (8bit resolution) ----++---- 3 channels (DIP) 
8 channels (QFP) 
@ D-A converter (8-bit resolution) ----7--11-+++ 2 channels 
@ PWM output (8-bit or 16-bit) iva dar daire aleve a leat ieve giesepernarenan { 
@ Programmable I/O 
(Ports PO, P1, P2, P3, P5, P6) see vececneeeesneceesetcencenss 48 
@ Input (Port P4) vA se Riedusessuteemiene Clase eea er 3 (DIP), 8 (QFP) 
e Output (Port D-Aj, D-A,) a Gseae beh icolem woe dada ydaielediecelers Goweeuieag aa y) 


ae RS 


PIN CONFIGURATION (TOP VIEW) 





































P37/Srpy Vec 

P36/Scik AVss 

P3,/TxD +> — Vrer be ae 
1/0 P3,/RxD + [4 | 


port PS | 53,/PWMour +* 


P32/EV3 +> 6 | 
P3,/EV2 








59] — P4o/ANo 


— P4,/AN, | Input 
| port P4 








P5//DB, + [3] 
P5,_/DB, + [10 
P55/DBs + 
/O P5,/DB, > 
pone P5,/DB3 > 
P5./DB, + [14] 
P5,/DB, + 
P5o/DBy +> [16 
P6,/W + 































JO 
dScSosrZew 


Address 
48) —> Ag bus 


dsvrsosrZew 
4O 
dSlLSOSVZEW 







P6;/CS + [19 
P6,/A0 > 
P63/Papy + 
P62/INT3 +> 
P6,/INT> > 
P6o/INT; + 
Read/Write —— 


status output R/W + 


Synchronous SYNC + 
signal output 






1/0 
port P6 




























Reset input 






Data bus 
Clock input Xin > 


Clock output 





Timing output 


eo OS PS 





P3,/EV. +> 









diavsSosrZew 
sO 

dijacsosrZew 
JO 

daltSosrZew 






SYNC + 
RESEToyt + 





~~. OO tT OHO N K O 


Outline 80P6 NC : No connection 


APPICATION 

Slave controller for PPCs, facsimiles and page printers 
HDD, optical disk, inverter and industrial motor controllers 
Industrial robots and machines 





M37450S1SP BLOCK DIAGRAM 


vy—e£ 

















Clock Clock Timing Reset 
Xin Xour g RESET R/W SYNC Voc Vss 


Data bus 





Program}Program 
counter | counter 
PCH (8) 4} PC (8) 





= Bee ia 
bam (16) (16) 
= 
Tuner 2 tach 
16 





imer 3 latch 
(16) 








Stack 
pointer 






Status 
register 






—- Timer 3 
‘cama (16) 
icin Pulse width 


i modulator 
a 
—— a 7 
a 
th kage 222 
| 
id 


rst hy 







INT, 

INT2 

INT3 
IBF, OBE 
A tA 


fe ee poe 
epee 
| 2 

is 

is 
‘ae 


TTT ag 
stir ntti 
: dioch acide é CONIC IN 3191 516)-6363 6869--—_——606)-) bbadcd CICIEIGOCTEREHE)-€ 
ee ~~ Vrer AVsgs——_—_.,_—_-D-A2 D-A, ns —— —_—-———_ 
1/0 port P6 1/0 port P5 Input port P4 1/0 port P3 


1/O port P2 


Note 1: 256 bytes for M37450S2SP and 448 bytes for M37450S4SP 


| 


i 










7) 4445) 


Data bus 


Instruction 
register 

Instruction 
decoder 


Control signal 


654068 


| 7 
JU vay 25 


A9E0E NEIEIEIES 


Address bus 


CNVss 


_ 


YALNMWODONVIW SOW) LId-s 


di/dSvSOSVZEW 


di/dSZSOSPLEW di/dSTSOSPZEW 


SHYALNMUWODOUDIAN IHSISNSLIW 


M37450S1FP BLOCK DIAGRAM 











Clock Clock Timing Reset Reset 
Input output output input output 
Xin Xour g RESET pam WR RD R/W SYNC Voc  Vss Vss 
}—4) ——. --@-@)- -@-@—-___ - -® —9-@—_ - ——_ - ——_- —__ -—___- —__. 
yf I t f | 
Data bus 








Program§ Program 
ena eae = 
PCH(6) 1 PC, (8 


Wy 








| 
| 
| 
——~—SCTiimer 1 Timer 1 latch Ingtruction 
=—Cr <ageor 
—r 7" naa. ae | latch a 
=> = iia Instruction | 
a_i decoder | 
Ter Tt h | 









i 


Bee 5 "aamecail 


= ita Control signal 
— Pulse width 
== ee 


; 
conv —] | Le S 
‘ A-D erter Pre erial |/O 


sisi Fp ATLE Eel ee Uy to ot 
a Tr 5 REREEE ea Tm ve LU WU 1 ps a 


Fir 
! 






Processor: 
Status 
register 
PS(8) 







Index 
register 







Accumu- 






IHSISNS.LIN ~.- 





Je oa 


JC mera] 









tS a) 
ea 
ia BORER Ty sili 
: bi b docbe (19 bhbbbbbbpiy anne pereetsese bf < ena 
tebadguetads YY eee D- A; YY _—__Y CNVss 
1/O port P6 1/O port PS AVoo AbVner Input port P4 oe “Me I/O port P3 Data bus Address bus 
VReF 


Note 1: 256 bytes for M37450S2FP and 448 bytes for M37450S4FP 


YSALNdMUWODOUSDIN SOW) LId-s 


di/dSVvSOS?PZEW 


di/dSZSOSVLEW di/dSTSOSPLEW 


SYALNUWODOUDIW IHSISNSLIW 
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FUNCTIONS OF M37450S1SP/FP, M37450S2SP/FP, M37450S4SP/FP 


Number of basic instructions 71(69 MELPS 740 basic instructions+2) 

























Instruction execution time 0. 84s(minimum instructions, at 10MHz of frequency) 
Clock frequency _ 10MHz(max ) 
M37450S1SP/FP 128 bytes 
RAM size M37450S2SP/FP 256 bytes 
M37450S4SP/FP 448 bytes 
P3, P5, P6 1/0 8-bitX3 
Input/Output port P4 3-bitX 1(8-bitX1 for 80-pin model) 
Serial 1/0 UART or clock synchronous 
tes 16-bit timerX3, 


8-bit timer(serial I/O baud rate generator) X1 

A-D converter 8-bitX3 channels(8 channels for 80-pin model) 
8-bitX 2 channels 
8-bit or 16-bitX1 
1-byte input and output each 
64-levels(max for M37450S1SP/FP) 

96-levels(max for M37450S2SP/FP, M37450S4SP/FP) 
6 external interrupts, 8 internal interrupts one software interrupt 





D-A converter 





Pulse width modulator 
Data bus buffer 
































Subroutine nesting 













Interrupt 


Clock generating circuit Built-in(ceramic or quarts crystal oscillator) 
5V+10% 


30mW(at 10MHz frequency) 


Supply voltage 
Power dissipation 


Input/Output voltage 5V 
Input/Output characters Sear Ge ogee Are, 

Output current +5mA(max ) _ 
Operating temperature range —10~70C 
Device structure CMOS silicon gate 


Pack M37450S1SP, M37450S2SP, M37450S4SP 64-pin shrink plastic molded DIP 
ackage 
2 M37450S1FP, M37450S2FP, M37450S4FP 80-pin plastic molded QFP 
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PIN DESCRIPTION 


input/ 
Functions 
Output 


he Supply voltage Power supply inputs 5V+10% to Voc, and OV to Vss 


a 


SYNC 




















To enter the reset state, the reset input pin must be kept at a “L” for more than 8 clock cycles(under nor- 
mal Vcc conditions) If more time is needed for the crystal oscillator to stabilize, this “L” condition should 
be maintained for the required time 






This chip has an internal clock generating circuit To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the Xiq and Xoy7 pins If an external clock is used, the clock 
source should be connected to the X;y pin and the Xour pin should be left open 


Outputs signal consisting of oscillating frequency divided by four 





Synchronous signal 
output 


Output This signal is output “H” during operation code fetch and Is used to control single stepping of programs 











Read/Write 
status output 









This signal determines the direction of the data bus It 1s “H” during read and “L” during write 















Address bus Output This is 16-bit address bus 


Do~ D7 Data bus ite This is 8-bit data bus 


Input/Output port P3 

















Port P3 ts an 8-bit |/O port with directional registers allowing each |/O bit to be individually programed as 
input or output The output structure is CMOS output Serial 1/O, PWM output, or even I/O function can be 
selected with a program 





P4~ P4. | Input port P4 
(P4p~ P4,) 


D-A;, D-A, 


Input 
Analog power supply - _ 
RE 


Analog input pin for the A-D converter The 64-pin model has three pins and the 80-pin model has eight 
pins They may also be used as digital input pins 








Input/Output port PS An 8-bit input/output port with the same function as P3 This port functions as an 8-bit data bus for the mas- 


ter CPU when slave mode is selected with a program. 





Input/Output port P6 An 8-bit input/output port with the same function as P3 Pins P6s~P67 change to a control bus for the mas- 
ter CPU when slave mode Is selected with a program Pins P69~P62 may be programmed as external in- 


terrupt input pins 











D-A output Analog signal from D-A converter !s output 





Reference voltage input Reference voltage Input pin for A-D and D-A converter This pin is for 64-pin model only 









input 













A-D reference voitage 
input 


Reference voltage input pin for A-D converter This pin ts for 80-pin model only 



















D-A reference voltage 
input 


Reference voltage input pin for D-A converter This pin ts for 80-pin model only 


Ground level input pin for A-D and D-A converter Same voltage as Vss !s applied 





Power supply input pin for A-D converter This pin Is for 80-pin model only Same voltage as Vccis applied 
In the case of the 64-pin model AVcc Is connected to Vcc internally 















AV Analog power supply 
ll Read signal output Output Control signal output as active “L” when valid data ts read from data bus This pin ts for 80-pin model only 
Reset output 





Write signal output Output Control signal output as active “L” when writing data from data bus to external component This pin ts for 


80-pin model only 








Output Control signal output as active “H” during reset It is used as a reset output signal for peripheral compo- 
nents This pin ts for 80-pin model only 
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BASIC FUNCTION BLOCKS 

The differences between M37450M2-XXXSP/FP and 
M37450S1SP/FP are noted below. Other functions are the 
same as M37450M2-XXXSP/FP in microprocessor mode. 


MEMORY 

¢ Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 
«RAM 

RAM is used for data storage as well as a stack area. 


RAM for 
M37450S1 
(128 bytes) 


RAM for 
M37450S2 
M37450S4 
(192 bytes) 


¢ Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 
This area must be located in ROM area. 

¢ Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with only 2 bytes. 

¢ Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with only 2 bytes 


Zero page 


RAM for 
M37450S4 
(256 bytes) 


M37450S2 


RAM for 
(64 bytes) 


Fig. 1 Memory map 





eee ARE yes ene ay Ma beeen 


Special page for 
subroutine call 


— << «am «be 
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Fig. 2 SFR (Special Function Register) memory map 
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ABSOLUTE MAXIMUM RATINGS 


Vec Supply voltage 

Input voltage RESET, Xj 
Input voltage Do~D7, P39 ~P37, P49~P47, 
P5o~P57, P6g~P67, ADVrer, 
DAVrer, Vrer; AVoc 
Input voltage CNVss 
Output voltage Ap~Aj5, Do~D7, P3p~P3:, 
P5o9~P57, P6g~P67, Xour, 
¢, RD, WR, R/W, RESETour, SYNC 


| Pq | Power dissipation Ta = 25C 1000 (Note 1) 


—40~125 









=e): 3~Voect0. 3 


Conditions 






















With respect to Vss 







Output transistors are 
at “OFF” state 
















—0.3~Voect0. 3 





















Tstg 
Note 1 : 500mW for QFP type 


Storage temperature 












RECOMMENDED OPERATING CONDITIONS 


(Voc=5V+10%, Ta=—10~70° unless otherwise noted) 
Symbol Parameter 
fom | Paani ne we] 
Vss Supply voltage | 


Supply voltage V 
“H” Input voltage RESET, Xin, CNVss (Note 1) 

“H” Input voltage Do~D7, P39 ~P37, P4p~P4z, 
P5o~P57, Pp ~P67 (except Note 1) 
“L” Input voltage CNVsg_ (Note 1) 


Vit 
Vv “L” Input voltage Do~D7, P89 ~P37, P49~P4z, 
tL. P59~P57, P6g~P6, (except Note 1) 
Vin Leese 
Vin fe Oe 




































“L” Input voltage RESET 
“L” Input voltage Xin 










“L” peak output current Ag~Aj15, Do~Dz, 
P39~P37, P59~P57, 
P69~ P67 
“L” average output current Ap~Ajs, Do~Dy, 
P39~P37, P5o~P5;, 
P6y>~P6, (Note 2) idl 
“H” peak output current Ap~Aj;s5, Do~Dz, 
P39~P37, P5o~P5z, 
P69~ P67 
“H” average output current Ap~Ajs, Do~Dy, 
P39~ P37, P59~P57, 
P69~P67 (Note 2) 






























































Ciock oscillating frequency 


Note 1 : Ports operate as INT;~INT3(P69~P6.), EV;~EV3(P3p>~P3.), RyD(P3,) and Scix(P3¢) 
2 : The average output current lon(avg) and lo.(avg) are the average value duringa100ms 
3: The total of “L” output current lo.(peak) Of port P3, P5, P6, R/W, SYNC, RESETour, RD, WR and 
¢@ is less than 40mA 23 oo 
The total of “H” output current lou (peak) of port P3, P5, P6, R/W, SYNC, RESEToyr, RD, WR and 
¢% is less than 40mA 





t 
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ELECTRICAL CHARACTERISTICS (Voc = 5V#10%, Veg = OV, Ta = —10~70°, f(Xin) = 10MHz, unless otherwise noted) 


Symbol Parameter Test conditions Unit 
sms | raamee | etcotmons a 


“H” output voltage RD, WR, R/W, SYNC, RESETour, 4 | lou=—2mA Voc—1 V 
“H” output voltage Ap~Ais5, Do~D7, P389~P37, iy 


















Vv lon=—5mA Voc—1 
as P59~P57, P6y~P6; si 3 


“L” output voltage Ap~Ajs5, Do~D7, P3p~P3z, 
VoL h P59~P57, P6o~P67, RD, WR, 0. 45 V 
R/W, SYNC, RESETour, ¢ 
“L” output voltage Ag~Ai5s, Do~D7, P3o~ P37, 
Voi p g 0 15, Wo 7 0 7 loi =5mA Vv 
P5o~ P57, P69~ P67 


Hysterisis INT;~INT3(P69~P62), EV; ~EV3(P3p~P32), 
Vr4—Vr— eer : ' en : Function input level 0.3 ] V 
RxD( P34), Scix( P35) 


“L” input current Do~D7, P39 ~P37, P49~P4z, 
fie —— Vi=Vss 25 5 LA 
P59~ P57, P6p~P67, RESET, Xin 
“H” input current Do~D7, P39~~P37, P49~ P47, 
p 0 7 0 7 sone Vi=Vee —5 5 ph 
P5o~P57, P6g~P67, RESET, Xin 


RAM retention voltage At stop mode 
t(Xiy) =10MHz 


| cc 
fe JAtstopmode (Note) tT 


Note 1 : The terminals RD, WR, R/W, SYNC, RESETour, ¢, D-A; and D-Ap are all open The other ports, which are in the input mode, are connected 
to Vsg A-D converter Is in the A-D completion state. The current through ADVaer and DAVper Is not included(Fig 6) 






































At system operation 






Supply current 


: 


A-D CONVERTER CHARACTERISTICS 


(Voc = AVoc = 5V, Vsg = AVss = OV, Ta = 25, f( Xin) =10MHz, unless otherwise noted) 


Limits 
Parameter Test conditions Unit 
Min Typ Max 


Absolute accuracy Voc™=AVoc™=ADVarer=5. 12V +1.5 +3 L 


SB 

Conversion time 49 to(¢) 
Via Analog input voltage AVss AVcc V 
V 


Vapvrer | Reference input voltage 


























2 
Rvuapper | Ladder resistance value ADVrer=5V 2 
0.5 


liAovrer | Reference input current ADVper=5V 


Vavecc Analog power supply input voltage 


























Vavss Analog power supply input voltage 


a 


Vavss Analog power supply input voltage 




















Vopavrer | Reference input voltage 

















IDAVREF Reference power input current (Each pin) 
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TIMING REQUIREMENTS 
Port/Single-chip MOdE (Vcc=5V+10%, Vss=0V, Ta=—10~70T, unless otherwise noted) 


Symbol Parameter Test condition 


Port P3_ input setup time 

Port P4 input setup time 

Port P5 input setup time 

Port P6 input setup time 

Port P3_ input hold time 

Port P4 input hold time 

Port P5 input hold time 

Port P6 input hold time 

External clock input cycle time 
tw(XinL) External clock input “L” pulse width 

External clock input “H” pulse width 

External clock rising edge time 

External clock falling edge time 











Master CPU bus interface timing (R and W separation type mode) 
(Vec=5V+10%, Vss=0V, Ta=—10~70T, unless otherwise noted) 


Symbol Parameter Test condition 


CS setup time 
CS setup time 
) 


Limits 


yp ax 










CS hold time 

CS hold time 

AO setup time 

AQ setup time Bos 
A) 







—s 
fon) =" 
© (en) 


_— 
j=) 








Read pulse width 


Date input setup time before write 
thiw—p) Date input hold time after write 





Master CPU bus interface timing (R/W type mode) 


(Voc=5V+10%, Vss=0V, Ta=—10~70C, unless otherwise noted) 


Limits 


Typ 


Cc 
S 
= 









Enable clock “L” pulse width 
| thie=py: | Data input hold time after write 


— 
oO) — ais 
o oO oO;}oO 


on 


NO} NM 






womed 
fo) 
io) 








10 
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Local bus/Memory expansion mode, Microprocessor mode 
(Voo=5V+10%, Vss=0V, Tg=—10~70T, unless otherwise noted) 


Data input setup time 


thc g—pb) Data input hold time 
Data input setup time 
thcro—p) Data input hold time 
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SWITCHING CHARACTERISTICS _ 
Port/Single-chip Mode (Vcc=5V+10%, Vsg=0V, Ta=—10~70, unless otherwise noted) 


Port P3 data output delay time 
td(¢—Ppsa) Port P5 data output delay time 
td(g—p6a) Port P6 data output delay time 


a 
el 
Cycle time ae 400 | | 
¢ clock pulse width (“H” level) 190 P| 
ae 

aie 

eed 











¢ clock pulse width (“L” level) 170 
¢ clock rising edge time hae 
¢ clock falling edge time aa 





Master CPU bus interface (R and W separation type mode) 
(Voc=5V+10%, Vss=0V, Tg=—10~70, unless otherwise noted) 


Limits 
Symbol Parameter Test condition 


Data output enable time after read 














Data output disable time after read 
tepLH(R—pR) | Proy output transmission time after read 
Proy output transmission time after write 

















Master CPU bus interface (R/W type mode) (Voc=5V+10%, Vss=0V, Ta=—10~70°C, unless otherwise noted) 


Limits 
Test condition Unit 
Min Typ Max 


120 | ns | 
Fig 4 to [| | ns 
ree ae 












Symbol Parameter 


Data output disable time after read 
Proy output transmission time after E clock 





Data output enable time after read 












Local bus/Memory expansion mode, microprocessor mode 


(Voc=5V410%, Vss=0V, Ta=—10~70T, unless otherwise noted) 












Limits 








Symbol Parameter Test condition 


td. ¢—a) address delay time after ¢ 
address effective time after ¢ 























tviap—a) | address effective time after RD 10 
tv(wr—a) address effective time after WR 10 
td(g—pb) data output delay time after ¢ 

data output delay time after WR Fig 5 ae 
tv(g—p) data output effective time after ¢ 20 





2 
R/W delay time after ¢ 
ae 
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TEST CONDITION 


Input voltage level: Vj, 2. 4V 
Vir 0. 45V 
Output test level > Voy 2. 0V 


Vor. 0.8V 





Fig. 3 Test circuit in Fig. 4 Master CPU bus interface Fig. 5 Local bus test circuit 
single-chip mode test circuit 


loc 
(test point) 
other power 


open or no 
output current Ns 


Voc or Vss 


RD 


WR open or no output 
R/W current 
SYNC 

RESETour 


¢ 


Xout 





Fig.6 loc (at stop mode) test condition 
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TIMING DIAGRAM 
Port/single-chip mode timing diagram 


toxin) two%nH) — tWOGnL) 








Xin 








toxin) 


te(¢) 


tw(¢ H) 


Port Pi tnput 


{ 
td(¢—pip) th(¢—PID) 


Port Pi output 





Note :; Vin=0. 8Vcc, Vi; =0. 16Vcc of Xin 


Master CPU bus interface/ R and W separation type timing diagram 


Read 


tsu(a—R) 


AO q 





2.4 

0. 45 0. 45 

—_ 2.0 2.0 

DBo~DB; Pe 0.8 
pen in ae 


Proy 


Di 


2.0 
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Write 


tsu(a—w) thiw—a) 














AO 

Cs 

Ww 
DB,~DB, 

tsu(p—w) 
es 2:0 
teLH(w—PR) 
Master CPU interface/ R/W type timing diagram 
twceL) : tw(eEH) 
E : 
0. 45 0. 45 i 0. 45 
tfe) 
tsu(a—e) 





‘6 -_ 
a 7 2.4 
R/W 0. 45 ¥ 
= thie—cs) i 
CS 
0. 45 0. 45 


read 


DB,~DB, 
isa Binal tvie—p) 
tsu(p—E) are 
—D 
write 
fos sd 
DB,~DB,; me 0. 45 


Proy 
’ , | 
1 


th(e—a) 


2.0 
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Local bus timing diagram 








tecg) 
tw(¢H) tw(¢L) 
? | 
td(¢—Rw) k i 
r trig) 
‘i scone! 
Le . 
SYNC 
td(¢—~a) 
tv(¢—a) 
. th(¢g—pb) 
DoD, pmnoehancaraares| 
CPU rea : Gn). 
td(¢—p) ee 
Do~D, cag 
cD 
CPU write 


\A 





tw(rb) 
re ty(RD—A) 
RD 
rsu(O— RD) th(rp—p) 
* DESDs 
twiwr) 
= ty(wr—a) 
ty(wrR—D) 
Do~ D7 
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DESCRIPTION 

The M37451M4-XXXSP/FP/GP is a_ single-chip micro- 
computer designed with CMOS silicon gate technology. It 
is housed in a 64-pin shrink plastic molded DIP or a 
0.8mm-pitch or 0.65mm-pitch 80-pin plastic molded QFP. 

In addition to its simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

It is suited for office automation equipment and control de- 
vices The low power consumption made by the use of a 
CMOS process makes it especially suitable for battery po- 
wered devices requiring low power consumption. It also 
has a unique feature that enables it to be used as a slave 
microcomputer. 

The differences among M37451M4-XXXSP/FP/GP, M37451 
M8-XXXSP/FP/GP and M37451MC-XXXSP/FP/GP are as 
shown below. The descriptions that follow describe the 
M37451M4-XXXSP/FP/GP (abbreviated as M37451) un- 
less otherwise noted. 


ee 
: p[ 24576 bytes | S12 bytes 


M37451MC-XXXSP/FP/G 
The number of analog input pins for the 80-pin model (FP, 
GP version) is different from the 64-pin model (SP version). 
In addition, the 80-pin model has special pins for RD, WR, 
RESEToyt, DAVrer, ADVrer, AVcc and the 64-pin model 
has a special Vref pin. 







FEATURES 
@ Number of basic instructions ee ee re ae eee es ee 71 
69 MELPS 740 basic instructions+2 multiply/divide 
instructions 
@ Instruction execution time 
(minimum instructions at 12.5MHz frequency) ---- 0.64us 


& Single power supply Ge Miah in aie iS alee ares letwiaseieracaie Sateen, ware ghaess 5V+10% 
@ Power dissipation normal operation mode 

(at 12.5MHz frequency) las dsatqooldib cg Uivaie eedares la dw aes eietints 40mW 
@ Subroutine nesting ----7--7-°* 96 levels max.(M37451M4) 


96 levels max.(M37451M8) 
128 levels max.(M37451MC) 


@ Interrupt EERE aT ere Aen ea ee eee ee 15 events 
@ Master CPU bus interface «sss 1 byte 
@ 16-bit timer ccc entrees 3 
@ 8-bit timer (Serial 1/O use) Dj paeWbita eral ee DeclaeAielaaesoh sede eaaae 1 
@ Serial 1/O (UART or clock synchronous) «77st 1 
@ A-D converter (8-bit resolution) --------: 3 channels (DIP) 

8 channels (QFP) 
@ D-A converter (8-bit resolution) --177ttre 2 channels 
@ PWM output with 8-bit prescaler : 


(Either resolution 8 bit or 16 bit is software selectable) ----1 
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PIN CONFIGURATION (TOP VIEW) 


P37/Srpy — 1 | Voc i 
AVss 


* Vaer Reference voltage input 


—D-A 
1/O port P3 D-A output 


— P4o/ANo 
P3,/EV> — P4,/AN, 
P39/EV, 18] 
P5,/DB, +19) 
P5./DBs + [10 
P5./DBs ++ [11] 
P5,/DB, +> 
P5,/DB3 + 
P5./DB2 +> [14] 
P5,/DB, + 
P59/DBpy ++ [16 
P6,/W + 


Input port P4 


1/0 port P5 1/0 port PO 


P6;/CS ++ [19] 
P6,/A0 ++ 
P63/Proy ** 
P6./INT3 +> 
P6,/INT. + 
P6o/INT, <> 

R/W — 


42) + P15/A;, 
U 44} > P14/Ay> 


dSXXX-OWILSPLEW 
JO 

dSXXX-8SWILSPZEW 
10 


1/O port P6 
(/O port P1 


Read/Write 
status output 
Synchronous 
signal output 


Reset input 
Clock input \/O port P2 
Clock output 


Timing output 


Outline 64P4B 





@ Programmable I/O ports 


(Ports PO, P1, P2, P3, P5, P6) sehiGs sdsaiis oole Berea e eat teas 48 
e Input port (Port P4) Sign ee cd exaiete ota Wraseiah ids evaln haya eidvecs 3(DIP), 8(QFP) 
@ Output ports (Ports D-Ax, D-A>) Ate egueesiene Ne ead eva agaavets 2 
APPLICATION 


Slave controller for PPCs, facsimiles, and page printers. 
HDD, optical disk, inverter, and industrial motor controllers. 
Industrial robots and machines. 





MITSUBISHI MICROCOMPUTERS 


M37451 M4-XXXSP/FP/GP,M37451M8-XXXSP/FP/GP 
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





PIN CONFIGURATION (TOP VIEW) 







P49/ANo — [65] 





P4,/AN, 
P49/ANo 

D-Ao 

D-A, 

DAVreF 

: ADVreF 
3 AVss 
AVcc 

Voc 

Vss 

P37/Srapy 
P36/Scik 
P35/TxD 
P34/RxD 
P33/PWMourt 
P30/EV3 
NC, 

NC 

P3,/EVo2 








SEY = = = 


140] ++ P29/Do 
+> P2,/D, 


M37451M4-XXXFP 
or 
M37451M8-XXXFP 
or 


> P2.6/De 
++ P27/D7 


M37451MC-XXXFP 





+> P2,/Do 
+> P2;/D, 


M37451M4-XXXGP 


or 
M37451M8-XXXGP 

or 
M37451MC-XXXGP 





| BIBI Di 144 {15} {164 [17] 18] 
Veet ee tt ee ee 
- ~ OO YY FT MY N & OC 
Sonoma mw oO S'S) Z| SEE ESS 
PRgaagdogdale's|d< sre esicls 
Peewee eaersPl esl SSS = 
NSN ef © 
Qeg@aiacedagrce eee 


Outline 80P6S 
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NC : No connection 


M37451M4-XXXSP BLOCK DIAGRAM 














Clock Clock Timing Reset 
input Output output input _ 
Xin Xout p RESET R/W SYNC Voc  Vss 
3 - @—B— - —-@~ --@—- - Seren ee renee 
Data bus 













* 


d9/di/dSXXX-SWTISPLEW d9/dj/dSXXX-vINTSPZEW 


SHYALNdMWODONUDIW IHSISNSLIN 


Instruction 
register 
(8) 


Instruction 
decoder 


ll 
4 


Time pine 1 latch an 
2 are 


pee - Naga occ = 


it 







MA 
i 
F 
—< 


= 
i 
i 









—s = 3 Timer 3 latchK——> 
=A) (ie; ee 
eva] Control signal 


Ds Pulse width 
modulator 


4 
w 









ij 
A 
MS 



















Processor 
Accumu- status 


lator register 
A(8) PS(8) 


1 
= TLE “ 











Multi- 
pher/ 
divider 


Index 
register 
Y(8) 


Index 
register 


x(8) 


















DLOAaTA zy 
IHSIGNS.LIN 


= al Acie] | iden 
a ‘Ca P5(8) Ca <a | P28) aa oe 
ZEREZ== ZEPenes ore 
suseees mmm Oepeee FTE 
| = Adhd bd is GOOTGOK boo 06) PRUEEENN sbi 61378839140 Ws CIIOISR 62536405602?) ae 
cieestintea gadis . DA CNVss 
I/O port P6 “1/0 port PS port P5 eS Spa ona port P4 a SA; 1/O port P3 70 port P2 port P2 “1/0 port Pt port P1 “1/0 port PO port PO 


Note 1 : 384 bytes for M37451M8-XXXSP and 512 bytes for M37451MC-XXXSP 
2: 16384 bytes for M37451M8-XXXSP and 24576 bytes for M37451MC-XXXSP 


YALNdUWODVONDIW SOW) 118-8 diHD-3 TONIS 


d3/da/dSXXX-OWITSPZLEW 





oO 
RO 





JldLOA 14 
IHSIENS._LIN ry 


M37451M4-XXXFP BLOCK DIAGRAM 











Clock Clock Timing Reset Reset 
input output output input output bee fe ea 
Xin Xout ¢ RESET RESEToyr WR RD R/W SYNC Vice Ves 
: a a ea aa ii : SSeS Se eee 
Data bus 


: 


imer 1 latc er 
a] si a 
ail | 
imer 2 Timer 2 latch > if 
al (16) = 
=a | decoder 
; 
(16) 


r 
(16) 
Control signal 






eis, 
—3 
Lg 
_ 
& 





Program § Program 
counter § counter ROM 


PCH(8) § PCL(8) 








—| 





| 
Re 


EE 
(al 
ja) 


if 


4 
‘Ma 
o_— 











Pulse width 
modulator 
















Index 
register 


y(8) 


Multi- 
plier/ 
divider 


Index 
register 





pointer 
S(8) 





BRG 


lf] | Le 
USL. 
Ln en Looe oe 


| in jaws 
JU th AL F 
cae SEES aE . 












rp) Lar TP) (Goce | | er ee 
A Ta Le 
— - bebebdodacdcaed ~ 4X SEXTXEX IN OL D-7VEICY-EBEDEOE HEAEHEHED- CBECOHCD-CILHCOH MCE 2V 3) BIB ICIGIC DEHN) 421434 NASGONG GEA) —COGSDEIGICIENSS oS a= 
I/O port P6 1/O port P5 / [aves Input port P4 | ee 1/O port P3 1/O port P2 I/O port P1 I/O port PO y 
AVcc DAVeer 
Note 1 : 384 bytes for M37451M8-XXXFP and 512 bytes for M37451MC-XXXFP 


2: 16384 bytes for M37451M8-XXXFP and 24576 bytes for M37451MC-XXXFP 


YSLNMWODJOUDIW SOW) LIE-S dIHD-3aTSNIS 


d3/da/dSXXX-OWISPZEW 


d9/da/dSXXX-“SINTSPLEW 'd9/dj/dSXXX-VINTSPZEW 


SHYALNdMWODJOUDIW IHSISNSLIW 





™ 


coc 


| M37451M4-XXXGP BLOCK DIAGRAM 





Clock Clock Timing Reset Reset 
input output output Input output eine, oeest pe 
Xin Xour ) RESET RESETogyr WR RD R/W SYNC 


a 2 Ce 2 © 2 aia 


Data bus 


Program § Program 
counter I counter 
ci 8) J PCL(8) 














7 


m 
138, 
wow 


iu 















Index 
register 
Y(8) 


Multt- 
plier/ 
divider 


Index 
register 
x(8) 


Stack 
pointer 


S(8) 


THLE 


ar a 
S Te 
[ose Le iereees ol pLeoaverier | fee = 1/0 
A AA Sf 








Bus 
Linea 
Lu cai | ps8) | cca 
as noes TERT iil 
= —{od) Srereses ~ —Q@@ Led CDG 68) Lh be oe 6H6465 cat nd 
HY eS —_—.—_——" 
1/0 port P6 1/O port P5 / [Aves Input port P4 | i 1/0 port P3 
AVcc DAVrer 


Note 1 : 384 bytes for M37451M8-XXXGP and 512 bytes for M37451MG-XXXGP 


- SES CS 


| 
u 


m 
Lg| 


I 


i 
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2 : 16384 bytes for M37451M8-XXXGP and 24576 bytes for M37451MC-XXXGP 





d9/di/dSXXX-SWISPLEW d9/d4/dSXXX-VINTSPLEW 


YALNUWODOUDIN SOW) LIE-S dIHD-J TONIS 
SHYSALNdMWODOUSDIW IHSIGNSLIW 


d3/ddi/dSXXX-OIWISPZEW 
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FUNCTIONS OF M37451M4-XXXSP/FP/GP, M37451M8-XXXSP/FP/GP, M37451MC-XXXSP/FP/GP 


Number of basic instructions 71(69 MELPS 740 basic instructions +2) 


Instruction execution time 0.64s (minimum instructions, at 12 5MHz frequency) 


Clock frequency 12 5MHz (max ) 
FROM | 8192 bytes 
M37451M4-XXXSP/FP/GP 


16384 bytes 
RAM 384 bytes 


ROM 24576 bytes 
M37451MC-XXXSP/FP/GP 

RAM 512 bytes 
PO-P3, P5, P6 1/0 8-bitX6 


P4 Input 3-bitX 1 (8-bitX1 for 80-pin mode!) 
D-A 2-bitX 1 


Serial |/O UART or clock synchronous 


16-bit timerX3, 





Memory size M37451M8-XXXSP/FP/GP 








Input/Output ports 











Timers 


8-bit timer (serial [/O baud rate generator) X1 








A-D converter 8-bitX3 channels (8 channels for 80-pin model) 

D-A converter 8-bitX2 channels 

Data bus buffer 1-byte input and output each 
96-levels (max for M37451M4, M37451M8) 
128-levels (max for M37451MC) 


6 external interrupts, 8 internal interrupts 
1 software interrupt 




















Subroutine nesting 





Interrupt 





Clock generating circuit Built-in (ceramic or quarts crystal oscillator) 
Supply voltage 5V+10% 
Power dissipation 40mW (at 12 5MHz frequency) 


: Input/Output voltage 5V 
Input/Output characters 
Output current +5mA (max ) 


Memory expansion Possible (64K bytes max ) 
Operating temperature range — 20 to 85C 





























Device structure CMOS silicon gate 


M37451M4-XXXSP 
M37451M8-XXXSP 64-pin shrink plastic molded DIP 
M37451MC-XXXSP 
M37451M4-XXXFP 

80-pin plastic molded QFP 
M37451M8-XXXFP 

(0 8mm-pitch) 
M37451MC-XXXFP 
M37451M4-XXXGP 

80-pin plastic molded QFP 
M3745 1M8-XXXGP 

(0 65mm-pitch) 

M37451MC-XXXGP 




















MITSUBISHI MICROCOMPUTERS 


M37451M4-XXXSP/FP/GP,M37451M8-XXXSP/FP/GP 
M37451MC-XXXSP/FP/GP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





PIN DESCRIPTION 


Vcc: Supply voltage Power supply inputs 5V+10% to Voc, and OV to Vss 


Vss 
Input Controls the processor mode of the chip Normally connected to Vss or Voc 


RESET Reset input Input To enter the reset state, the reset input pin must be kept at a “L” for more than 8 clock cycles (under nor- 
ma! Vcc conditions) If more time ts needed for the crystal oscillator to stabilize, this “L” condition should 
be maintained for the required time 







Functions 












Clock input input | This chip has an internal clock generating circuit To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the Xiy and Xout pins If an external clock is used, the clock 
Clock output Output source should be connected to the Xj pin and the Xour pin should be left open 
gp Timing output Output Normally outputs signal consisting of oscillating frequency divided by four 
SYNC Synchronous Output This signal is output “H” during operation code fetch and ts used to control single stepping of programs 


signal output 














Read/Write Output This signal determines the direction of the data bus It is “H” during read and “L” during write 
status output 


_ ; 
P1 o7 P17 1/0 port P1 
P2 9-P27 I/O port P2 











Port PO is an 8-bit 1/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output The output structure is CMOS output The low-order bits of the address are output except 
in single-chip mode 







Port P1 ts an 8-bit I/O port and has basically the same functions as port PO The high-order bits of the 
address are output except in single-chip mode 










1/0 Port P2 is an 8-bit I/O port and has basically the same functions as port PO Used as data bus except in 
single-chip mode 


























P35-P37 I/O port P3 /O Port P3 is an 8-bit I/O port and has basically the same functions as port PO Serial |/O, PWM output, or 
event |/O function can be selected with a program 

P4,-P4, Input port P4 Input Analog input pin for the A-D converter The 64-pin model has three pins and the 80-pin model has eight 

(P4)-P4,) pins They may also be used as digital input pins 

P59-P57 1/O port P5 1/0 Port P5 is an 8-bit |/O port and has basically the same functions as port PO This port functions as an 8-bit 
data bus for the master CPU when slave mode ts selected with a program 

P69-P67 I/O port P6 1/0 Port P6 ts an 8-bit I/O port and has basically the same function as port PO Pins P63-P67 change to a control 
bus for the master CPU when slave mode is selected with a program Pins P69-P62 may be programmed 
as external interrupt input pins 











D-A;,D-A, | D-A output Output Analog signal from D-A converter ts output 


VReF Reference voltage Input Reference voltage input pin for A-D and D-A converter This pin ts for 64-pin model only 
input 

ADVrer A-D reference Input Reference voltage input pin for A-D converter This pin ts for 80-pin model only 
voltage input 

DAVrer D-A reference Input Reference voltage input pin for D-A converter This pin is for 80-pin model only 
voltage input 


Analog power supply 
Analog power supply 


| Read signal Output Control signal output as active “L” when valid data is read from data bus This pin ts for 80-pin model only. 


WR Write signal Control signal output as active “L” when writing data from data bus to external component This pin ts for 
output 80-pin model only 


RESETourt Reset output Control signal output as active “H” during reset It is used as a reset output signal for peripheral compo- 
nents This pin ts for 80-pin model only 


5 




















Ground level input pin for A-D and D-A converter Same voltage as Vss !s applied 





Power supply input pin for A-D converter This pin ts for 80-pin model only Same voltage as Vcc Is applied. 
In the case of the 64-pin model, AVcc Is connected to Vcc internally 


a E 
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FUNCTIONAL DESCRIPTION 

Central Processing Unit (CPU) 

The M37451 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 

The FST and SLW instructions are not provided. 

The MUL and DIV instructions can be used. 

The WIT instruction can be used. 

The STP instruction can be used. 


MISRG2 Register 

The MISRG2 register is allocated to address OODF,,. Bits 0 
and 1 of this register are processor mode bits. This register 
also has a stack page selection bit. 


7 0 
Pht titi MISRG2 (address OODF,¢) 


Processor mode bits 

00 : Singie-chip mode 

01 : Memory expansion mode 
10 : Microprocessor mode 


11 : Disable 
Bus interface enable bit 


0 : Disable 


1 : Enable (slave mode) 
Bus interface mode bit 


0: RD, WR bus 


1: R/W bus 

PWM enable bit 

0 : Disable 

1 = Enable 

PWM mode selection bit 
0 : 8-bit high speed PWM 
1 : 16-bit high precision PWM 
Bus cycle control bit 

0 : Normal bus cycle 

1: Normal bus cyclexX2 
Stack page selection bit 
0 : In page 0 area 

1: In page 1 area 





Fig. 1 Structure of MISRG 2 





MITSUBISHI 
@ ELECTRIC 





MITSUBISHI MICROCOMPUTERS 


M37451M4- XXXSP/FP/GP,M37451M8-XXXSP/FP/GP 


M37451MC-XXXSP/FP/GP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





MEMORY 

¢ Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 

* RAM 

RAM is used for data storage as well as a stack area. 

* ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 


(192 bytes) 


RAM 
(64 bytes) 
for 
M37451M4 


RAM 
RAM (192 bytes) 
(320 bytes) for 
for M37451M8 
M37451MC 


ROM 
(24K bytes) 

for ROM 
M37451MC (16K bytes) 


for 
M37451M8 


ROM 
(8K bytes) 

for 
M37451M4 


Fig. 2 Memory map 





¢ interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 
* Zero Page ; 

Zero page addressing mode is useful because it enables 
access to this area with only 2 bytes. 

* Special Page 

Special page addressing mode is useful because it en- 


ables access to this area with only 2 bytes. 


Zero page 


Special page 





~M37451M4-XXXSP/FP/GP, 


00001 
000 
0003, 
0005, 
00061 
00071 
0009 


0008 
coDC | Poregiter 
0000 «| P6 sirectonalregier 
c0DE 
cODF 
000 
00E 
0085 
0086 
0087. 
00E8,¢ | Serial !/O control register 


00E9,,_} UART control register 
00 


GODA«|PEregiter 


Fig.3 SFR (Special Function Register) memory map 
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00EB [PWM register (low-order) | 
ODED Timer control register | 
O0EE4| Timer 2 contol register | 
O0EF | Timer contrlregister | 


OOF 116 | Timer 1 register (high-order 


OOFO1¢ | Timer 1 register (low-order 
OOF2,6 | Timer 1 latch (low-order) 


( 
( 


OOFA,.¢] Timer 3 latch (low-order) 
OOFB, 6} Timer 3 latch (high-order) 


00F C4 Interupt request register 7 
00FD | nterupt request register 2 
OOF 


- ) 

i - ) 
003s 
00F 4 
00 

es 
) 
- ) 
igh- ) 
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INTERRUPTS 


Interrupts can be caused by 15 different events consisting 
of six external, eight internal, and one software events. 
Interrupts are vectored interrupts with priorities shown in 
Table 1. Reset is also included in the table because its op- 
eration is similar to an interrupt. 

When an interrupt is accepted, the registers are pushed, 
interrupt disable flag | is set, and the program jumps to the 
address specified in the vector table. The interrupt request 
bit is cleared automatically. The reset and BRK instruction 
interrupt can never be disabled. Other interrupts are dis- 


All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter- 
rupt request bits are in interrupt request registers 1 and 2 
and the interrupt enable bits are in interrupt control regis- 
ters 1 and 2. Figure 4 shows the structure of the interrupt 
request registers 1 and 2 and interrupt control registers 1 
and 2. 

Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is “1”, interrupt 
request bit is “1”, and the interrupt disable flag is “O”. The 
interrupt request bit can be reset with a program, but not 


set. The interrupt enable bit can be set and reset with a 
program. 

Reset is treated as a non-maskable interrupt with the high- 
est priority. Figure 5 shows interrupts control. 


abled when the interrupt disable flag is set. 


Table 1. Interrupt vector address and priority. 


Vector addresses Remarks 
FFFFig, FFFEi¢ 
FFFDi6, FFFCi¢ Valid only in slave mode 
FFFAis 
FFF8i¢ 
FFF6i¢ 
FFF4i¢ 
FFF2i¢ 
FFFOi6 
FFEF,¢, FFEEi6 
FFED,,., FFECis 
FFEB,s6, FFEAi. 
FFEQ9i¢, FFE8i6 
FFE7156, FFE6i¢ 
FFE5i¢, FFE41¢ 
FFE3ig, FFE2i¢ 


FFE1;5, FFEQi., Non-maskable software interrupt 


Priority 











Non-maskable 


Input buffer full interrupt 


Output buffer empty interrupt 
INT, interrupt 

INT. interrupt 

INT 3 interrupt 

Timer 1 interrupt 


Valid only in slave mode 
External interrupt (phase programmable) 


External interrupt (phase programmable) 


External interrupt (phase programmable) 


External event interrupt (phase programmable) 





























Timer 2 interrupt 
EV, interrupt 
EV> interrupt 


EV3 interrupt 
Serial 1/O receive interrupt 























External event interrupt (phase programmable) 








External event interrupt (phase programmable) 
Valid only when serial !/O is selected 
Valid only when serial I/O is selected 








Serial |/O transmit interrupt 
A-D conversion completion flag 
BRK instruction interrupt 
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7 0 
PT tT td yd yd Interrupt request register 1 


(address O00FC,;,) 


Input buffer full interrupt 
request bit 
Output buffer empty interrupt 


request bit 
INT, interrupt request bit 


INT2 interrupt request bit 
INT; interrupt request bit 
Timer 1 interrupt request bit 
Timer 2 interrupt request bit 
Timer 3 interrupt request bit 


Interrupt request register 2 
(address 00FD,,) 


EV, interrupt request bit 
EV, interrupt request bit 
EV; interrupt request bit 
Serial 1/O receive interrupt request bit 
Serial 1/O transmit interrupt request bit 


A-D conversion completion interrupt 
request bit 


0: Interrupt disable 


1° Interrupt requested 


Q : Interrupt disable 
1: Interrupt requested 


7 0 
rt | >? td dd Interrupt control register 1 


(address OOFE,,) 


- Input buffer full eure 
i 
Output buffer empty interrupt 
able bit 
INT, interrupt enable bit 
INT» interrupt enable bit 
INT; interrupt enable bit 
Timer 1 interrupt enable bit 


Timer 2 interrupt enable bit 
0: 


Timer 3 interrupt enable bit 1 


0 : Interrupt disable 
1: Interrupt enabled 


Fig. 4 Structure of registers related to interrupt 


Interrupt request bit 


Interrupt enable bit 


Interrupt disable flag | 


Interrupt control register 2 
(address OOFF,,) 


EV, tnterrupt enable bit 
EV. interrupt enable bit 
EV; interrupt enable bit 
Serial I/O receive interrupt enable bit 
Serial !1/O transmit interrupt enable bit 


-A-D conversion completion interrupt 
enable bit 


Interrupt disable 
: Interrupt enabled 





BRK instruction Interrupt request 
reset 


Fig. 5 Interrupt control 





= MITSUBISHI 
ELECTRIC 





MITSUBISHI MICROCOMPUTERS 


M37451M4-XXXSP/FP/GP,M37451M8-XXXSP/FP/GP 
M37451MC-XXXSP/FP/GP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





TIMER 

The M37451 has three independent 16-bit internal timers 
as shown in Figure 6. 

The timers are controlled by the timer i control register (i= 
1, 2,3) and MISRG1 shown in Figure 7 and 8. 

The timer and the timer latch are independent of each 
other and a value must be written in both when setting a 
timer. 

A write to a timer is performed in the order of T, to Ty, after 
setting the count enable bit to count inhibit “O”. 


A read from a timer is performed in the order of T, to T,. , 


The value of T, is latched in the read timer latch at the tim- 
ing when T,, is read. All timers are decrement counters and 
are started by setting the timer i count enable bit to “1”. 
When the value of the timer reaches 0000,.6, and overflow 
occurs and the timer i interrupt request bit is set to “1” at 
the next count pulse. 

During a reset or an STP instruction execution, the low- 
order byte of the timer 1 register is set to FF,g and the 
high-order byte is set to 03;.. Also, when an STP instruction 
is executed, a frequency obtained by dividing the oscillat- 
ing frequency by four becomes the timer 1 input regardless 
of the timer 1 count source selection bit. This condition is 
canceled and the original count source is resumed when 
the timer i interrupt request bit is set to “1” or when a reset 
occurs. Refer to the section on the clock generator for de- 
tails concerning the operation of the STP instruction. 

The M37451 provides seven timer modes selectable with 
the timer mode selection bit in the timer i control register. 








7 0 
T 


imer i control register (1=1,2,3) 

Timer 1 control register (address OOED,.6) 
Timer 2 control register (address OOEE,,) 
Timer 3 control register (address OOEF;,) 


Timer mode selection bits 

000: 16-bit timer mode 

001: Event count mode 

010: Pulse output mode 

011: Pulse period measurement mode 

100: Pulse width measurement mode 

101: Programmable waveform 
generation mode 


110: Programmable one-shot 
generation mode 


Timer count source selection bit 
0: (Xin) /4 
1: INTi pin input 


Output level latch 


Event phase selection bit 
0: Fall 
1: Rise 


Fig. 7 Structure of timer i control register 


ISRG1 (address OODE;.) 


INT, input polarity selection bit 


INT. input polarity selection bit 


INT 3 input polarity selection bit 
0: Fall 
1: Rise 


7 0 
M 


Timer 1 count enable bit 
Timer 2 count enable bit 


Timer 3 count enable bit 
0: Count disabled 
1: Count enabled 


Fig. 8 Structure of MISRG1 


Data bus 


7 


Th, 
£(Xin)/4 


INT C ) 


Count enable bit 





EV () 


O 
8 


R 


L t TH 
TL 
8 


TLy 


& Timer interrupt request bit 


Timer control 
register 


Data bus 


Fig.6 Timer block diagram 
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(1) 16-bit Timer Mode [000] 

In this mode, an interrupt request occurs and the value of 
the timer latch is loaded in the timer each time the timer 
overflows. 

The timer count source is set to f(Xiy) divided by four re- 
gardiess of the count sorce selection bit. Assuming that the 
timer latch is n, the frequency dividing ratio is 1/(n+1). 
Figure 9 shows the timer operation during 16-bit timer 
mode. 


, Value set in 
timer latch 


, Timer interrupt 
request 





Fig. 9 16-bit timer mode operation 


(2) Event Count Mode [001] 

In this mode, the EVi pin input signal are counted in the 
direction selected by the event input polarity selection bit. 
The input signal from the EVi pin is used as the count 
source regardless of the count source selection bit. The 
operation is the same as with the 16-bit timer mode except 
for the difference in the count source. 

Both the “H” and “L” pulse width of the EVi pin input signal 
must be not less than (4/f(X:))+100ns. 

Figure 10 shows the timer operation during event count 
mode. 


TL , Value set in 
timer jatch 


TR , Timer interrupt 
request 





Fig. 10 Event counter mode operation 


(3) Pulse Output Mode [010] 

In this mode, a 50% duty pulse is output from the EVi pin. 
The count source selected with the count source selection 
bit is counted. When it overflows, the phase of the EVi pin 
output level is reversed and the value of the timer latch is 
loaded in the timer. 

When this mode is selected, the EVi pin output level is in- 
itialized to “L”. 

Figure 11 shows the timer operation during pulse output 
mode. 


, Value set in 


timer latch 


, Timer interrupt 
request 
EV pin 
output 
waveform 





Fig. 11 Pulse output mode 


(4) Pulse Period Measurement Mode 

[011] 
This mode is used to measure the pulse period of the EVi 
pin input signal. 
The timer counts the count source selected by the count 
source selection bit between the rise-to-rise or fall-to-fall 
interval (selected with the event input polarity selection bit 
in the timer i control register) of the EVi pin input signal. 
At a valid edge on the EVi pin input, the 1s complement of 
the timer value is stored in the timer latch and the timer 
value is set to FFFF4.. 
Figure 12 shows the timer operation during pulse frequency 
measurement mode. 


T2 T3 FFFF gt R 


EVR EVR EVR EVR 


signal Event phase is valid rising edge 





Fig. 12 Pulse period measurement mode 
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(5) Pulse Width Measurement Mode [100] 
This mode measures the pulse width while the EVi pin in- 
put signal is “H” or “L”. 

Whether to measure the “H” orf “L” interval is determined 
by the event input polarity selection bit. If this bit is “0”, the 
count source selected with the count source selection bit is 
counted while the input pulse is “H”. If it is “1”, the count 
source is counted while the input pulse is “L”. A 1’s com- 
plement of the timer value is stored in the timer latch for a 
valid edge on the EVi pin input. In addition, the timer value 
is set to FFFF,¢ for an edge (both rise and fall) on the EVi 
pin input. Figure 13 shows the timer operation during pulse 
width measurement mode. 


T1 
FFFFi¢ 
EV pin 


input EVR 
signal 


| FFFF+T2 TR ! 


Event interrupt input polarity is valid rising edge 
Measure width “L”of pulse 





Fig. 13 Pulse width measurement mode 


In pulse period measurement mode [011] and pulse width 
measurement mode [100], an EVi interrupt request is issued 
at the valid edge selected by the event phase selection bit. 
That is, an interrupt occurs at the end of the pulse period 
measurement or pulse width measurement. Also, when a 
timer overflow occurs, the count continues from FFFFi.¢ 
without the value of the timer latch being loaded in the 
timer. 

Write to timer latch is inhibited in these modes. Furth- 
ermore, EVi interrupt is disabled during STP instruction ex- 
ecution. 


(6) Programmable Waveform Generation 
Mode [101] 

In this mode, the level set in the output level latch of the 

timer i control register is output to the EVi pin every time 

the timer overflows. 

The timer counts the source selected by the count source 

selection bit and when it overflows, the value in the timer 

latch is loaded in the timer. 

After it overflows, the value of the output level latch and the 

timer latch can be modified to generate any waveform from 

the EVi pin. 

Figure 14 shows the timer operation during programmable 

waveform generation mode. 


L; TLy and TL. 


TR TR 





Fig. 14 Programmable waveform generation mode 


(7) Programmable One-shot Generation 
Mode [110] 

This mode uses the INTi pin input signal as a trigger and 

counts by writing the value of the timer latch in the timer. 

The output level of the EVi pin goes “H” when the trigger is 

issued and goes “L” when the timer overflows. 

The EVi pin level is initialized to “L” when this mode is 

selected. 

The timer count souce is set to f(Xy) divided by four re- 

gardiess of the count source selection bit. 

A valid edge of the INTi pin input trigger signal is deter- 

mined by the INTi phase selection bit of MISRG1 (OODE,g). 

Figure 15 shows the timer operation during programmable 

one-shot generation mode. 


L is one-shot 
pulse width 


signal 
EV pin 
output signal 





Fig. 15 Programmable one-shot generation mode 


When the INTi pin input signal is selected as the count 
source for pulse output mode [010], pulse period measure- 
ment mode [011], pulse width measurement mode [100], 
and programmable waveform generation mode [101], the 
“H” and “L” pulse width of the input signal must not be less 
than (6/f(Xin))+100ns. 
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eration timer (baud rate generator) is provided for serial 
I/O operation. Figure 16 shows the structure of the regis- 
ters used for serial I/O. 


SERIAL I/O 
Serial i/O can operate in either clock synchronous or clock 
asynchronous (UART) mode. An exclusive baud rate gen- 


Serial I/O status register 


(address 00E7;.) 
Transmit buffer empty flag 
0: Buffer full 
1: Buffer empty 


Receive buffer full flag 
0: Buffer empty 
1: Buffer full 


r 0 
ft i tT yt yy Serial !/O control register (address 00E8,.) 


BRG count source selection bit 
0: f( Xin) divided by 2 
1: f(Xiy) divided by 8 


Serial 1/O synchronous clock selection bit 
0: BRG output divided by 4 


(when clock synchronous serial |/O 
is selected) 


BRG output divided by 16 
(when UART Is selected) 


| 1: External input clock 
Srpy output enable bit 
0 : P37 operates as normal I/O pin 
1. P3; change to Sgpy output pin 


Transmit shift register shift 
completion flag 
0: Busy shifting 
1: Shift complete 


Overrun error (OE) flag 
0: No 
1: Yes 

Parity error (PE) flag 
0: No 
1° Yes 

Framing error (FE) flag 
0: No 
1: Yes 





Transmit interrupt source selection bit 
0 : When transmit buffer becomes empty 
1: When transmit shift operation is complete 


Transmit enabie bit 
0: Transmit disabled 
1: Transmit enabled 


Receive enable bit 


0: Receive disabled 
1: Receive enabled 


Serial |/O mode selection bit 
0: Clock asynchronous (UART) serial I/O 
1: Clock synchronous serial !/O 

Serial 1/O enable bit 
0: Serial 1/O disabled 


(P3,4-P3, are normal I/O ports) 
1: Serial |/O enabled 


(P3,-P3, are serial I/O function pins) 


Summing error (SE) flag 
0: No 
1°: Yes 


7 0 
UART control register 
(address 00E9,,) 
Character length selection bit 
0: 8 bits 
1:7 bits 
Parity enable bit 
0: Parity disable 
1: Parity enable 
Parity selection bit 
0: Even parity 
1: Odd parity 


Stop bit length selection bit 
0:1 stop bit 
1: 2 stop bit 





Fig. 16 Structure of registers related to serial I/O 
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(1) Clock Synchronous Serial 1/O 

Clock synchronous serial |/O is selected by setting the 
mode selection bit of the serial 1/O control register to “1”. 
Figure 17 shows a block diagram of clock synchronous se- 
rial 1/O and Figure 18 shows its operation. 


ata ous 


address 00E6,, 


Receive buffer register 
Receive shift register 


Shift clock 


With clock synchronous serial !/O, the same clock is used 
as the operating clock between the transmitting and receiv- 
ing microcomputers. If an internal clock is used for operat- 
ing clock, transmit/receive is started by writing a signal in 
the transmit/receive buffer register. 


address O0E8« 


Receive buffer full flag (RBF) 


Receive interrupt request (RI) 


Clock controt circuit 


Frequency dividing a ee 
bit 


css ratio 1/(n+1) 


address OOEAj. 





Fig. 17 Clock synchronous serial 1/O block diagram 


Internal clock ¢ 


Transmit/receive shift clock 
1/2 to 1/2048 of internal clock 


or external clock 


Serial output TxD 


Serial input RxD 


Receive ready signal 


Srpy 


Receive/transmit 
buffer register 
write signal to 
address 00E6,. 


Transmit shift register shift completion flag (TSC) 
Transmit interrupt request (T!) 
Transmit buffer empty flag (TBE) 


address 00E7i¢ 


(Do KD; D2) K_Ds K Ds K_Ds K_Ds MK _Dr_) 
(Do «0; 02 XK _Ds XK Ds XK Ds DK Ds WK D7) 


TSC= 1 
Overrun error (OE) detected 


Use the transmit interrupt source selection bit (TIC) in the serial |/O control register to specify whether to generate a transmit 
interrupt (TI) when the transmit buffer becomes empty (TBE=1) or when transmit shift operation completes (TSC=1) 
. If data is written in the transmit buffer register when TSC=0, transmit clock is generated continuously and serial data is output 


continuously from the T,D pin 


. The receive interrupt (RI) is set when the receive buffer full flag (RBF) 1s set 
. This example shows the case that the BRG count source 1s f(Xiy)/2 and the contents of BRG reload latch 1s “004.” 


. If the transmit enable bit (TE) goes from “0” to “1” when the serial I/O enable bit is at “1”, the TxD pin goes to “H” level 
After the TxD has transmitted serial data, it is held at the “D7” level of the final bit of the last data to be transmitted until! the next 


serial data is transmitted 


Fig. 18 Clock synchronous serial I/O operation 
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(2) Clock Asynchronous Serial I/O (UART) 
UART is selected by setting the mode selection bit of the 
serial I/O control register to “0”. Figure 19 shows a block 
diagram of UART and Figure 20 shows its operation. 

With the M37451, one of eight serial data transmission for- 
mats can be selected with the UART control register as 
shown in Figure 16. The transmission format must be 
agreed upon between the transmit side and the receive 


The transmit shift register and the receive shift register has 
its buffer register respectively to perform serial data trans- 
fer (same memory addresses). 

Data cannot be written or read directly to/from the shift 
registers. Therefore, the data to be transmitted is written to 
a buffer register and the received data is read from a buf- 
fer register. The buffer registers can also be used to store 
data to be transmitted next or to receive 2-byte data con- 


side. secutively. 


Data bus 
anatess address 00E81¢ 


O0E6,, 
Receive buffer full flag (RBF) 
Receive interrupt request (RI) 


| 
EPidetection| UART control register 
address 00E9i¢ 


— + 
ae cee 


SI/O clock selection bit 
zB aie) 

Frequency dividing ratio 1/(n+1) 
172) p 


ST/SP/PA generation 1/16 
TIC 
Transmit shift register Cm 
Character 


length | 


selection Transmit buffer register 
P35 bit ; 
address O0E6i. 


ta bus 


N 


Transmit shift register shift completion flag (TSC) 
Transmit interrupt request (TI) 


Transmit buffer empty flag (TBE) 
address 00E7\¢ 
l 





Fig. 19 UART serial I/O block diagram 


Transmit or receive 
clock 


Transmit buffer 
register write 
signal 


Serial output T,D 


* Generated at the second 


1 start bit stop bit If 2 stop bits set 


7/8 data bits 
1/0 parity bits 
1/2 stop bits 


Cann Seana EERREREEERee 


Receive buffer 
register read 
signal 


Serial input R,D 


Note 1. Error flag detection is performed as soon as RBF=1 (first stop bit for receive) 


2. Transmit interrupt (TI) is set to either TRE=1 or TSC=1 according to the transmit interrupt source selection bit (TIC) in 
the serial 1/O control register : 


3. Receive interrupt (RI) is set by RBF=1. 





Fig. 20 UART serial I/O operation 
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[Serial /O control register] SIOCON 

The serial 1/O control register is an 8-bit register consisting 
of selection bits for controlling the serial 1/O function. 

- Serial I/O enable bit SIOE 

When this bit is set to “1”, serial 1/O is enabled and pins 
P3,-P37 can be used as serial I/O function pins. 

* Serial I/O mode selection bit SIOM 

This bit is used to select the serial I/O operation mode. 
When this bit is “0”, asynchronous serial |/O (UART), which 
transfers data using start and stop bits, is selected. When it 
is “1”, clock synchronous serial |/O which performs trans- 
mission and receive using the same clock is selected. 

- Receive enable bit RE 

Receive operation is enabled when this bit is set to “1” and 
pin P3, becomes a serial data input pin. 

- Transmission enable bit TE 

Transmission operation is enabled when this bit is set to 
“1”. Pin P38, becomes a serial data output pin and shift data 
is output. 

- Transmission interrupt source selection bit TIC 

This bit is used to selelct events that can cause a transmis- 
sion interrupt. 

- Sapy output enable bit SRDY 

If this bit is set to “1” when clock synchronous serial I/O is 
selected, pin P37 becomes an Sprpy signal output pin and 
Sarpy signal is output. 

When an external clock is used during clock synchronous 
serial !/O, the Sapy signal is used to notify the clock sender 
that it can send the serial clock signal. It goes “L” when 
data is written in the transmit/receive buffer register and 
goes “H” at the first fall of the receive clock. When using 
the Srpy signal, the transmission enable bit must be set to 
“1” even when performing receive only. 

- Serial I/O synchronous clock selection bit SCS 

When this bit is “1”, pin P38, becomes an input pin and the 
external clock input from the Sci. pin is selected as the 
serial |1/O synchronous clock. When this bit is “0”, the baud 
rate generator (BRG) overflow signal is selected as the se- 
rial 1/O synchronous clock. Also, when this bit is “0” during 
clock synchronous serial !/O, pin P3g becomes an output 
pin and the shift clock is output from the Sc. pin. 

When clock synchronous serial I/O is selected, the baud 
rate generator (BRG) output signal divided by four or an 
external clock input is used. When UART is selected, the 
BRG output signal divided by sixteen or an external clock 
input signal divided by sixteen is used. 

- BRG count source selection bit CSS 

The baud rate generator is an 8-bit counter with a reload 
register. By setting a value n in the BRG register (address 
OOEA;¢) , the count source selected by the BRG count 
source selection bit is divided by (n+1). 

















[UART control register) UARTCON 

The UART control regsiter is a 4-bit register consisting of 
control bits that are valid when UART is selected. The con- 
tent of this register is used to set the data format for serial 
data transmission/receiving. 

- Character length selection bit CHAS 

This bit is used to select the transmission/receiving charac- 
ter length. 

- Parity enable bit PARE 

When this bit is set to “1”, a parity bit is added next to the 
most significant bit (MSB) of the transmission data and 
parity is checked during receive. 

* Parity selection bit PARS 

This bit is used to specify the type of parity to be gener- 
ated during transmission and checked when data is re- 
ceived. The number of 1’s in the data is set to even or odd 
according to this bit. 

- Stop bit length selection STPS 

This bit is used to determine the number of stop bits to be 
used during transmission. 


[Serial I/O status register] SIOSTS 

The serial I/O status register is a 7-bit read only register 
consisting of serial 1/O operation status flags and error 
flags. Bits 4 to 6 are valid only during UART mode. 

All bits of this register are initialized to “O” at reset, and 
when the transmit enable bit in the serial |/O control regis- 
ter is set to “1”, bits “O” and “2” change to “1”. 

-- Transmission buffer empty flag TBE 

This bit is cleared to “O” when transmission data is written 
in the transmission buffer register and set to “1” when that 
data is transferred to the transmit shift register. It is also 
cleared when TE=0O. 

- Receive buffer full flag RBF 

When receiving serial data, data is transferred to the re- 
ceive buffer register and this bit is set to “1” when the re- 
ceive shift register completes receiving a data byte. This 
bit is cleared when the data is read. This bit is also cleared 
when RE=0. 

- Transmit shift register shift completion flag TSC 

This bit is cleared to “O” when the data in the transmission 
buffer register is transferred to the transmit shift register 
and set to “1” when data shift completes. It is also set to 
“1” when TE=0O. 

- Overrun error flag OE 

When continuously receiving serial data, this bit is set when 
the next data fill the receive shift register before the data in 
the receive buffer register has been read 

- Parity error flag PE 

When receiving serial data with parity, this bit is set to “1 ” 
if the parity of the received data differs from the specified 


‘parity. 
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- Framing error flag FE 

This bit is set to “1” when there is no stop bit when trans- 
ferring data from the receive shift register to the receive 
buffer. 

- Summing error flag SE 

This bit is set when either overrun, a parity, or a framing 
error Occurs. 

Tests for these errors are performed as soon as the data is 
transferred from the receive shift register to the receive 
buffer register and at the same time the receive buffer full 
flag is set. The error flags (OE, PE, FE, and SE) are 
cleared when any data is written in the serial I/O status 
register. Also, all status flags including error flags are 
cleared when SIOE=0. 


Usage cautions 

(1) To reset the serial I/O control register 
Reset the serial 1/O control register after disabling the 
transmit and receive enable bits that were enabled at 
that point and resetting the transmit and receive cir- 
cuits. If the serial [/O control register is reset without 
resetting the other items, the settings will not operate 
correctly. | 


(2) Transmit and receive interrupt requests when transmit 
and receive enable bits are set. 
Setting the transmit and receive enable bits to “1” sets 
the receive buffer empty flag and the transmit shift reg- 
ister shift completion flag to “1”. Therefore, an interrupt 
request is generated and the transmit interrupt request 
bit is set, regardless of which timing is selected for the 
generation of transmit interrupts. 
If interrupts of this timing are not used, first clear the 
transmit interrupt enable bit to “0” (disabled status) , 
set the transmit enable bit, then clear the transmit in- 
terrupt request bit again after executing one instruction 
(e. g., the NOP instruction). Finally, set the transmit in- 
terrupt enable bit to “1” (enabled status). 


(3) To disable transmission after one byte of data has 
been transmitted. 
The method used in the M37451 to post the completion 
of data transmission is to reference the transmit shift 
register shift completion flag (TSC flag). The TSC flag 
is cleared to “0” while data is being transmitted, and it 
is set to “1” when the data transmission is completed. 
Therefore, if transmission is disabled after it has been 
confirmed that the TSC flag has been set, transmission 
can be forced to end after one byte of data is trans- 
mitted. . 
However, the TSC flag can also be set by enabling se- 
rial 1/O, but it is not cleared by shift clock generation 
and transmission start (after data has been transferred 
from the transmit buffer to the transmit shift register, af- 


ter 0.5 to 1.5 cycles of the shift clock), so if the TSC 
flag is referenced and transmission is disabled at this 
point, data will not be transmitted. Make sure that the 
TSC flag is referenced after transmission has started. 
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BUS INTERFACE 

The M37451 is equipped with a bus interface that is func- 
tionally similar to the MELPS 8-41 series. Its operation can 
be controlled with control signals from the host CPU (slave 
mode). 

The M37451 bus interface can be connected directly to 
either a R/W type CPU or separate RD, WR type CPU. Fig- 
ure 21 shows a block diagram of the bus interface function. 
Slave mode is selected with MISRG2 (address 00DF,.) bit 
2 and 3 as shown in Figure 22. 


P59/DB, 0 
P5,/DB, o 
P5,/DB> a 
P53/DB; © 
P5,/DB, 0 
P5,/DBs 0 
P5,/DBg o 
P5,/DB, © 


Master CPU data bus 





P6,/W o 


P6./CS 


NN 


One-shot pulse 


generation circuit 


One-shot pulse 
generation circuit 


Fig. 21 Bus interface circuit diagram 
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An input buffer full interrpt occurs when data is received 
from the host CPU and an output buffer empty interrupt 
occurs when data is read by the host CPU. 

In slave mode, ports P59-P57 become a tri-state data bus 
used to transfer data, commands, and status to and from 
the host CPU. 

Furthermore, ports P6,-P67 become host CPU control signal 
input pins and P63 becomes a slave status output pin. 


RD WR DBB 
DBBSTS 


Internal data bus 


Rising edge 


detection circuit 


Rising edge 
detection circuit 


Proy output 
mode selection 
bit 
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MISRG2 (address 00DF,,) Additional function register (address 00D9,.) 


Processor mode bits —Timing output stop bit 

00 : Single-chip mode 0 : Output 

01 : Memory expansion mode 1 : Stop (“H” output) 

10 : Microprocessor mode Timing output clock selection bit 
11 : Disable 0 : Internal system clock 

Bus interface enable bit 1 : Oscillation frequency f( Xin) 
0 : Disable divided by 4 regardless of the value 
1 : Enable (slave mode) of bus cycle control bit 

Bus interface mode bit Proy output mode selection bit 

0 : RD, WR bus 0 : Output the logical sum of OBF and 
1 : R/W bus IBF (Same as the M37450) 

PWM enable bit 1 : One shot pulse output when OBF or 
0 : Disable | IBF changes from 0 to 1 

1 : Enable P63/Prpy pin function selection bit 

0 : Proy output when DBBE=1, and 

0 : 8-bit high speed PWM Port P63 function when DBBE=0 


1 : 16-bit high precision PWM 1: Port P63 function 
Bus cycle control bit ——— PWM clock source selection bit 
































0 : Normal bus cycle 0 : Oscillation frequency f( Xin) 
1 : Normal bus cycleX 2 divided by 2 (Same as the M37450) 


Stack page selection bit 1 : 8-bit prescaler output 
Not used 


0 : In page O area 
1 : In page 1 area Not used 
This bit must be set to “0” 

















Data bus buffer status register 
(address 00E5,.) 


Output buffer ful! flag 

0 : Buffer empty 

| : Buffer full 

Input buffer full flag 

0 : Buffer empty 

| : Buffer full 

User definable flag 

User may freely define this flag 
AO flag 

Indicates the AO status when the 
IBF flag is set 

User definable flags 

User may freely define this flag 

















Fig. 22 Structure of bus interface relation registers 
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[Data bus buffer status register) DBBSTS 
This is an 8-bit register. Bits 0, 1, and 3 are read-only bits 
indicating the status of the data bus buffer. Bits 2, 4, 5, 6, 
and 7 are read/write enabled user-definable flags that can 
be set with a program. The host CPU can only read these 
flags by setting the AO pin to “H”. 

* Output buffer full flag OBF 

This flag is set when data is written in the output data bus 
buffer and cleared when the host CPU reads the data in 
the output data bus buffer. When the Prpy output mode 
selection bit is “0”, OBF is initialized to “1” only at reset 
and is cleared to “0” by setting the bus interface enable bit 
to “1”. In this case, OBF is set to “1” when the bus interface 
enable bit changes from “1” (enable) to “0” (disable). But 
when the bus interface enable bit is set to “1” again, it is 
set to the value directly before clearing the bus interface 
enable bit. When the Papy output mode selection bit is “1”, 
OBF is initialized to “1” when the bus interface enable bit 
is cleared to “O” or reset. 

In this case, OBF is set to “1” by clearing the bus interface 
enable bit and it is cleared to “0” by setting the bus inter- 
face enable bit. 

- Input buffer full flag IBF 

This flag is set when the host CPU writes data in the input 





data bus buffer and cleared when the slave CPU reads the 
data in the input data bus buffer. When the Prpy output 
mode selection bit is “O”, IBF is initialized to “0” only at 
reset. 

When the Prpy output mode selection bit is “1”, IBF is in- 
itialized to “O” when the bus interface enable bit is cleared 
to “O” or reset. 








AO Flag 
The level of the AO pin is latched when the host CPU writes 
data in the input data bus buffer. 


[Input data bus buffer] DBBIN 

Data on the data bus is latched in DBBIN when there is a 
write request from the host CPU. The data in DBBIN can 
be read from the data bus buffer register (SFR address 
00E41.). 


[Output data bus buffer] DBBOUT 

Data is written in DBBOUT by writing data in data bus buf- 
fer register (SFR address 00E4,,). The data in DBBOUT is 
output to the data bus (P5) when the host CPU issues a 
read request with setting the AO pin to “L”. 


Table 2. Control I/O pin functions when bus interface function is selected 














































Function 

















Output | Status output The NOR of OBF and IBF ts output 





Status output Normally output “0” 

One shot pulse whose length is half of a period of internal system clock ¢1s output, 
when OBF or IBF changes from “0” to “1” 

(See Fig 23) 





Port P63 function 





ppm | Name Bus interface| Prpy output P63/Prpy pin input/ 
mode bit | mode slection bit jfuncton selecton bt} Output 
P63 Proy 
1/O Port P63 function 
Output 
P6, 















a Input 





ime Input 


Inputs a timing signal E or inverse of ¢ 


Address input Used to select between DBBSTS and DBBOUT during host CPU read 
Also used to identify commands and data during write 





Chip select input Used to select the data bus buffer Select when “L” 





Timing signal used by the host CPU to read data from the data bus buffer 




























Timing stgnal used by the host CPU to write data to the data bus buffer 


Input Input R/W signal used to control the data transfer direction When this signal ts “L”, 
data bus buffer write is synchronized with the E signal When it is “H”, data bus buffer 
read ts synchronized with the E signal : 










sate MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37451M4-XXXSP/FP/GP,M37451M8-XXXSP/FP/GP 
M37451MC-XXXSP/FP/GP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 


“ aa a 


| 

] | 1 

Proy output when output mode selection bit is “0” 
bo | | 


| 
eae nes Ce 
fe! | 


Fig. 23 Output status of Papy pin 
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PWM 
The PWM generator has two program-selectable modes; 
the high-speed mode (8-bit resolution) and the high- 
precision mode (16-bit resolution). 
Also two clocks listed below can be selected as the count 
clock of each PWM mode. 
° Oscillation frequency f(Xin) divided by 2 
¢ §8-bit prescaler output (The count source of prescaler is 
oscillation frequency f(Xin) divided by 2) ~ 
Figure 26 shows a block diagram of PWM. 
The count clock of PWM can be selected by the PWM 
clock source selection bit of additional function register 
(address 00D9,¢). And the register MISRG2 (address 
OODF,,) is used to enable/disable the PWM and change its 
mode. When the PWM enable bit is set, the PWM gener- 
ator starts from its initial state. 
When PWM clock source selection bit is “0”, as shown in 
Figure 24, the output period is fixed. 
In high-speed mode 
(2X 255) /f(Xiw) 40.88 at f(Xiy) =12.5MHz 
In high-precision mode 
(2X65535)/f(Xin) 10.4856ms at f(Xy)=12.5MHz 
When PWM clock source selection bit is “1”, as shown in 
Figure 25, the output period can be changed by setting the 
value to prescaler latch (address 00D8;¢).( Note) 
In high-speed mode 
{2(n-+ 1) X 255} /f (Xin) 
12.5MHz 
In high-precision mode 
{2(n+1) X65535} /f (Xn) 
=12.5MHz 
n : Set value to prescaler latch 
The “H” width of the output pulse is determined by setting 
a value only in the PWM, register for high-speed mode and 
in both the PWM, and PWM, in this order for high- 
precision mode. 
If the value set in the PWM register is m, the “H” width of 
the output pulse is 
(PWM periodXm)/255 for high-speed mode and 
(PWM period m)/65535 for high-precision mode. 
Note : Address 00D8,. functions as port P4 register (read 
only) when read, and functions as PWM prescaler 
latch (write only) when write. So the value of PWM 
prescaler can not be read out. 


40.8(n+1)us at f (Xin) = 


10.4856(n+1)ms at f(X,y) 





Changes according to the value 
set in the PWM register 


| | 
| 
| 


PWM output | | | | 
| 


| 
-<—_——— Fixed period >» 


Fig. 24 PWM output (when PWM clock source 
selection bit is “0”) | 


Changes according to the value set in 
the PWM register 


Changes accordind to the value set in the 
PWM prescaler latch (changeable period) 





Fig.25 PWM output (when PWM clock source 
selection bit is “1”) 


Notes on PWM start 

(1) Notes on PWM start 
PWM starts after the PWM enable bit is set to enable 
and “L” level is output from the PWMour pin. The 
length of this “L”-level output is as follows: 
If the PWM prescaler is not used (PWM clock source 
selection bit=0): 1/2 clock cycle 
If the PWM prescaler is used (PWM clock source 
selection bit=1): (1-+n)/2 clock cycle (where n is the 
value set in the prescaler) 

(2) Notes on PWM restart (only when PWM clock source 
selection bit is “1”) 
lf the PWM enable bit is set to enabled, then to dis- 
abled, then back to enabled, temporarily clear the 
PWM clock source selection bit to “O” then reset it to 
“1” to re-enable PWM. 
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Fig. 26 PWM generator block diagram | 
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A-D CONVERTER 

An A-D converter is an 8-bit successive approximation 
method. Figure 28 shows a block diagram of the A-D con- 
verter. 

The 64-pin model has three analog voltage input pins; the 
80-pin model has eight. 

A-D conversion is started by a write operation to the analog 
input pin selection bit of the A-D control register shown in 
Figure 27 and by selecting the analog voltage input pin. 
The A-D interrupt request bit in the interrupt request regis- 
ter 2 is set when A-D conversion completes. The result of 
A-D conversion is stored in the A-D register. 

The contents of the A-D register must not be read during 
A-D conversion and f(X,,) must be no less than 1 MHz dur- 
ing A-D conversion. 


P45/ANo 


P4,/AN, © 
P4,/AN2. © 


P43/AN3 C) 


selector 


P4,/AN, © 


Channel 


P4;./ANs © 
P4,/ANg © 


P4,/AN; © 


Fig. 28 A-D converter block diagram 


D-A CONVERTER 
Two 8-bit resolution D-A converter channels are provided. 
Figure 29 shows a block diagram of the D-A converter. 
D-A conversion is performed by setting a value in the D-Ai 
register (addresses 00E0;, and 00E1,,). The result of D-A 
conversion is output from the D-Ai output pin. 
The output analog voltage Vp, is determined by the value n 
(decimal) set in the D-Ai register as follows: 
Voa=DAVper XN/256 

* Veer for 64-pin model. 





A-D control register 
(address 00E3,,) 


Analog input pin 
selection bits 


b2 b1 
0 0 
64 pin model ; 0 0 


0 1 





A-D contro! register 
(address 00E3,.) 


A-D interrupt request 


Switch tree 
Ladder resistor 


D-A conversion 
register 


R-2R resistor ladder 


DAVrer 
(Veer) 


Fig. 29 D-A converter block diagram 
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RESET CIRCUIT 

The M37451 is reset according to the sequence shown in 
Figure 30. It starts the program from the address formed by 
using the content of address FFFF,, as the high order 
address and the content of the address FFFE;, as the low 
order address, when the RESET pin is held at “L” level for 


10% and the crystal oscillator oscillation is stable and then 
returned to “H” level. The internal initializations following 
reset are shown in Figure 30. 

An example of the reset circuit is shown in Figure 31. The 
reset input voltage must be kept below 0.6V until the supp- 
ly voltage surpasses 4.5V. 


no less than 8 clock cycles while the power voltage is 5V= 































































































































































































address 
Port PO directional register 00D1,., 0016 
Port P1 directional register 00D3;¢ 0016 Supply voltage OV 
Port P2 directional register 00D54¢ 0016 
Port P3 directional register 00D7i¢ 0016 Reset input voltage OV 
Additional function register 00D94.6 ‘0 [o| 0} 0 
Port P5 directional register 00DB:., 1 : 0016 
Port P6 directional register 00DD,., . 0016 
MISRG1 o£, | |olojo| [o/olo 
MISRG2 OODF,, | 0 | 0/0 [0 | 0| 0 om 0| 
D-A1 register 00E01, 0016 | 
D-A2 register 00E14, 0016 7 | 
Data bus buffer status register O0E5, 6 RES | [ola] 
Serial !/O status register 00E7,., 0] 0/0 
Serial [/O control register 00E8 4, 
UART control register O0E9:, 
M37451 
Timer 1 control register OOED;, 
Timer 2 control register OOEE 16 Fig. 31 Example of reset circuit 
Timer 3 control register OOEF ig 
Timer 1 register (low order) O0F0i¢ 
Timer 2 register (high order) OOF 146 
Interrupt request register 1 OOFCi., 7 
Interrupt request register 2 OOFD 4, 
Interrupt control register 1 OOFEi¢ 
Interrupt control register 2 OOFF i 
Processor status register (PS) ia ian E i 
Program counter (PCy) sia 
(PC, ) een aaiees — 
Since the contents of both registers other than those listed 
above (including timer 1, timer 2, timer 3, and the serial |/O 
register) and the RAM are undefined at reset, it is necessary 
to set initial values 
2 The initial value of CM1 depends on the level on the CNVssz 
pin 
Fig. 30 Internal state of microcomputer at reset 
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SYNC 


Adres XTX e0. ROS POSIEFEXEFEK IE) 
Reset address from 


Note 1 : Frequency relation of f(Xiy) and ¢ is f(Xin)=4°¢ 
8 to 12 clock cycles 2 : The mark “?” means that the address is changable 
depending upon the previous state. 





Fig. 32 Timing diagram at reset 
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/O PORTS 


(1) 


Port PO 

Port PO is an 8-bit I/O port with CMOS output. 

As shown in the memory map (Figure 3), port PO can 
be accessed at zero page memory address 00D0j¢. 
Port PO has a directional register (address 00D146) 
which can be used to program each individual bit as 
input (“0”) or as output (“1”). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously ouptut value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 

Depending on the contents of the processor status reg- 
ister (bit O and bit 1 at address OODF,.), three different 
modes can be selected; single-chip mode, memory ex- 
pansion mode and microprocessor mode. 

In these modes it functions as address (A7-A,) output 
port (excluding single-chip mode). For more details, 
see the processor mode information 

Port P1 

In single-chip mode, port P1 has the same function as 
port PO. In other modes, it functions as address (Aj5- 
Ag) output port. 

Refer to the section on processor modes for details. 
Port P2 

In single-chip mode, port P2 has the same function as 
port PO. In other modes, it functions as data (Do-D,) in- 
put/output port. Refer to the section on processor mod- 
es for details. 

Port P3 

Port P3 is an 8-bit 1/O port with function similar to port 
PO. All pins have program selectable dual functions. 
When a Serial |/O function is selected, the input and 
output from pins P3,-P37 are determined by the con- 
tents of the serial |/O registers. 

This port is unaffected by the processor mode. 

Port P4 

This is an input-only port and may be used as an ana- 
log voltage input port. The number of ports is different 
for the 64-pin model and 80-pin model The 64-pin 
model has three ports and the 80-pin model has eight 
ports. 

Port P5 

This is an 8-bit 1/O port with function similar to port PO. 
When slave mode is selected with a program, all ports 
change to the data bus for the master CPU. In this 
case, port input/output is unaffected by the directional 
register 


This port is unaffected by the processor mode register. 
Port P6 

This is an 8-bit input/output port with function similar to 
port PO. 

When slave mode is selected with a program, ports 
P63-P67 change to the control bus for the bus interface 
function. In this case, port input/output is unaffected by 
the directional register. 

Ports P69-P62 are shared with the external interrupt in- 
put pins (INT;-INTs). The INT interrupt constantly 
monitors the status of this port and generates an inter- 
rupt at a valide edge. Therefore, if the INT interrupt is 
not used, it must be disabled and if it is used, this port 
must be set to input. 

Port D-A 

Port D-A consists of two analog voltage output pins. 
Any analog voltage can be generated by setting a 
value in the D-A register. 
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(9) 





¢ pin 

The ¢pin normally outputs the internal system clock 
(the oscillation frequency of the resonator connected 
between the Xi, and Xourz pins, divided by four). 

The timing clock output from the ¢pin is in output 
mode if the timing output stop bit (bit O of address 
00D9,,¢)is set to “0”, and in stop mode if that bit is set 
to “1” and the timing clock output is “H”. 

If the timing output clock selection bit (bit 1 of address 
00D9,.,) is set to “0” when the timing output stop bit is 
“0” (timing output is being output), the internal system 
clock that is output from the ¢ pin is the oscillation fre- 
quency divided by four if the bus cycle control bit is 
“0”, or the oscillation frequency divided by eight if that 
bit is “1”. If the timing output clock selection bit is “1”, 
the bus cycle control bit is ignored—the clock that ts 
output is the oscillation frequency divided by four. (See 
Fig. 33) 


SEB 6, $DF 


Internal system clock ¢ 


¢ output when timing output clock selection bit is “0” 


(10) 


(11) 


(13) 


SYNC pin 

This pin outputs a signal that is “H” during one cycle of 
the ¢ during operation code fetch. 

R/W pin | 

This is a control signal output pin that indicates the loc- 
al bus direction in memory expansion and microp- 
rocessor modes. 

RD, WR pins 

These are local bus write and read timing signal output 
pins for memory expansion and microprocessor modes. 
A signal equivalent to the signal otuput from the R/W 
separated by the ¢ signal is output. 

These pins are used exclusively by the 80-pin model. 
RESETour pin 

This pin goes “H” while the microprocessor is being 
reset. It can be used as a reset signal output pin for 
peripheral devices. 

This pin is used exclusively by the 80-pin model. 


CLB 6, $DF 


ee a ae A ae ee ge ee 


¢ output when timing output clock selection bit !s “1” 


eer earnate eel ated tea tea Meee ee a ke 


Fig. 33 Output from ¢ pin 
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Port PO, P1, P2 P34 


Serial |/O enable bit 
Receive enable bit 


2 ; 
: Directional register i 


Data register 















ae, 
‘ Directional register g 
Data register 


oe 


fe 
4 





] Data bus 


Data bus 





P39-P32 P3. 


pect | 
: Directional register : 
Data register 


we: 


Serial |/O enable bit 
Transmit enable bit 


¢ Directional register ; 
Data register 


—_ 










Data bus 





Data bus 

















“< 
Timer mode Mode 2 b 
selection bit Mode 5 > 
mode 6 
Event counter input Serial I/O output 
Timer output Event interrupt input 
PSs P3¢ 
Serial 1/O clock selection bit 
cena Serial I/O enable bit 
Sertal I/O mode selection bit 
atacbins Serial 1/O enable bit 






SH 
_e- 
a: 


PWM enable bit 


Data bus 






PWM output 





External clock input 


Fig. 34 Ports PO-P6 block diagram (single-chip mode) and output only pin output format (1) 
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P3- R/W, SYNC, RD, WR, RESEToyr+ 


Serial |/O enable bit ag 
Serial |1/O mode selection bit ; 
ao 


Sarpy Output enable bit 


fea 
Directional regrster 



























d Timing output clock selection bit 
Data bus 
g 
a: Oscillation 
frequency 
4 divided by 4 f}—o 
Serial ready output Intrnal 
system 
Port P4 clock 
Timing output stop bit 
P59-P57 
_ P63 
P6s/CS ; P63/Proy pin function 
P6,/R selection bit 
Bus interface enable bit gia tea ya 
aes Data bus 
P6,-P67 


Bus interface enable bit 


fey 
Directional register I 
ey 


=H 


4 







Data bus 








@P5p9 does not have a status register and OBF flag is set 
@P5, does not have a status register and IBF flag is set 
@P53 does not have a status register and AO flag is set 











P6o-P62 
DBB control input 
4 
ae DBB control input P6,°-:---A0 input 
pata bus | | PGs “CS input 
P66°°-": R/E input 


P67"°°""° W/R/W input 


a 


< 






Fig. 35 Ports PO-P6 block diagram (single-chip mode) and output only pin output format (2) 
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PROCESSOR MODE 

By changing the contents of the processor mode bits (bits 
0 and 1 at address OODF,,), three different operation mod- 
es can be selected; single-chip mode, memory expansion 
mode, and microprocessor mode. 

In the memory expansion mode and the microprocessor 
mode, ports PQ-P2 can be used as address, and data in- 
put/output pins. 

Figure 37 shows the functions of ports PO-P2 

The memory map for the single-chip mode is shown in Fi- 
gure 2 and for other modes, in Figure 36. 

By connecting CNVssg to Vss, all three modes can be 
selected through software by changing the processor mode 
bits. Connecting CNVss to Vcc automatically forces the 
microcomputer into microprocessor mode. 

The three different modes are explained as follows 


Internal ROM 


E000,¢ 


(1) Single-chip mode (00) 
The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNVss is con- 
nected to Vss. Ports PO-P2 will work as original 1/O 
ports. 

(2) Memory expansion mode (01) 
The microcomputer will be placed in the memory ex- 
pansion mode when CNVsg is connected to Vss and 
the processor mode bits are set to “01” This mode is 
used to add external memory when the internal mem- 
ory is not sufficient. 
In this mode, port PO and port P1 are as a system 
address bus and the original I/O pin function is lost. 
Port P2 becomes the data bus of D7-Do (including in- 
struction code) and loses its normal I/O functions. 

(3) Microprocessor mode [10] 
After connecting CNVgs to Veco and initiating a reset or 
connecting CNVss to Vsg and the processor mode bits 
are set to “10”, the microcomputer will automatically 
default to this mode. In this mode, the internal ROM is 
disabled so the external memory is required. Other 
functions are same as the memory expansion mode. 
The relationship between the input level of CNVss and 
the processor mode is shown in Table 3. 


013F 1, 
010016 


Spec TREO) 


Internal RAM 


O0D6i¢ regis 


Internal RAM 


Memory 
expansion 


mode 





~~ 013F 46 
0100,. Internal RAM 


Special function 
registers 


— 


_ — — — 00D6;64 


Internal RAM 


' Microprocessor 
mode 


The shaded area |s external memory area 


Fig. 36 External memory map in processor mode 
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Port Single-chip mode Memory expansion mode Microprocessor 
mode 


a i See 


Port PO Ports P07-P0, Ports P07-P0,) Same as left 


X 1/O port Addresses A7-Ag 


‘So LST 2 a ee 
Port P1 Ports P17-Pio Ports P17-P1o Same as lett 
x 1/O port Addresses Ajs-Ag 


PL _ Sy sf Lf 
Port P2 Ports P27-P25 Ports P27-P25 Same as left 
Data 
1/0 port D ee 0 


Fig. 37 Processor mode and function of ports PO-P2 

















Table 3. Relationship between CNVszg pin input level and processor mode 


Explanation 








aes 
¢ Single-chip mode The single-chip mode ts set by the reset 
« Memory expansion mode 


All modes can be selected by changing the processor mode bit with the program 
* Microprocessor mode 











ll 
¢ Microprocessor mode The microprocessor mode Is set by the reset 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
40. 

When an STP instruction is executed, the internal clock ¢ 
stops oscillating at “H” level. At the same time, FFi. is set 
in the low-order byte of timer 1, 03;,¢ is set in the high-order 
byte, and timer 1 count source is forced to f(Xy) divided 
by four. This connection is cleared when timer 1 overflows 
or the reset is in, as discussed in the timer section. 

The oscillator is restarted when an interrupt is accepted. 
However, the clock ¢ Keeps its “H” level until timer 1 over- 
flows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used 

When the WIT instruction is executed, the clock ¢ stops in 
the “H” level but the oscillator continues running. This wait 
state is cleared when an interrupt is accepted. Since the 
oscillation does not stop, the next instructions are executed 
at once. 

To return from the stop or the wait status, the interrupt en- 
able bit must be set to “1” before executing STP or WIT in- 
struction. Especially, to return from the stop status, the tim- 
er 1 count enable bit must be set to “1” and the. timer 1 in- 
terrupt enable bit must be set to “O” before executing STP 
instruction. | 

With the M37451, the MISRG2 bit 6 shown in Figure 22 can 
be used to double the bus cycle. However, the timer, 
UART, and PWM operations are unafffected. This facilitates 


Interrupt 
request 






Interrupt 
disable flag | 





STP instruction 


Bus cycle control bit 


Fig. 40 Block diagram of clock generating circuit 


instruction 


Timer 1 count enable bit 


accessing of slow peripheral LSIs when external memory 
and |/O are extended in memory expansion mode or mic- 
roprocessor mode. Note that this bit also affects the bus cy- 
cle in single-chip mode. 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 38. 

The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 

The example of external clock usage is shown in Figure 39. 
Xin is the input, and Xoyz is open. 


M37451M4-XXXSP 


Xout 
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PROGRAMMING NOTES (8) Multiply/Divide instructions 
(1) Processor status register 1. The MUL and DIV instructions are not affected b 
1. Except for the interrupt disable flag_(1) being set to the T and D flags. 
“1”, the content of the processor status register (PS) 2. The contents of the processor status register are un- 
is unpredictable after a reset. Therefore, flags affect- affected by multiply or divide instructions. 


ing program execution must be initialized. 


The T flag and D flag which affect arithmetic opera- DATA REQUIRED FOR MASK ORDERING 


tions, must always be initialized. Please send the following data for mask orders. 
2. An NOP instruction must be used after the execution ¢ mask ROM order confirmation form 
of a PLP instruction. ¢« mark specification form 
(2) Interrupts * ROM data:::::: EPROM 3 sets 


Even though the BBC and BBS instructions are ex- 
ecuted just after the interrupt request bits are modified 
(by the program), those instructions are only valid for 
the contents before the modification. Also, at least one 
instruction cycle must be used (such as an NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 
(3) Decimal operations 

|. Decimal operations are performed by setting the de- 
cimal mode flag (D) and executing the ADC or SBC 
instruction In this case, there must be ‘at least one 
instruction following the ADC or SBC instruction be- 
fore executing the SEC, CLC, or CLD instruction. 

2. The N (Negative), V(Overflow), and Z(Zero) flags 
are ignored during decimal mode. 

(4) Timers 

1. The frequency dividing ratio when n (0 to 65535) is 
written in the timer latch is 1/(n+1). 

2. When directly writing a value in the timer, set the 
count enable bit to count disable (0) and write in the 
low-order byte first and then in the high-order byte. 

3. The timer value must be read from the high-order 
byte first. 

(5) Serial 1/O 
In clock synchronous serial |/O mode, if the receiver is 
to output an Sapy using an external clock, the receive 
enable bit, Spapy output enable bit, and transmission en- 
able bit must be set to “1” 

(6) A-D conversion 
The comparator consists of coupling capacitors that 
lose their charge when the clock frequency is low. 
Therefore,f(Xjy) must be no less than 1MHz during A-D 
conversion. (If the bus cycle control bit is “1”, the bus 
cycle is doubled and the A-D conversion time is also 
doubled, therefore, f (Xiy) must not be less than 
2MHz.) Also, the STP and WIT instructions must not be 
executed during A-D conversion 

(7) STP instruciton 
The STP instruction must be executed after setting the 
timer 1 count enable bit (bit 4 at address O0DE;,) to 
enable (“1”). 
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a 


ABSOLUTE MAXIMUM RATINGS 


[Veo | Sasi caw =0.3t07 


Voc 
| Vv, | Input voltage Xv, RESET —=0.3:t0° 7 


Input voltage PO 9-P07, P19-P17, P29-P27, 


P39-P37, P49-P47, P5o-P5z, With ttoV 0.3 to Voc +0. 3 V 
ith respect to —0.3 to : 
P69-P67, ADVrer, DAVrer, J - a 


Output transistors are 
Vrer, AVoc 


7 Sp eee ee ea eee at “off” state 
i ae Input voltage CNVgg 

















—0.3 to 13 
Output voltage PQo- P07, P19-P17, P2,-P27, 


P39-P37, P59-P57, P69-P67, Xout, ¢, 
R/W, RD, WR, SYNC, RESEToyrt 


Power dissipation _ Ta = 25C 1000( Note 1) 
Topr Operating temperature —20 to 85 
Storage temperature —40 to 125 


Note 1 : 500mW in case of the flat package 





—0.3 to Voc +0. 3 














RECOMMENDED OPERATING CONDITIONS 


(Vec=5V+10%, Ta=—20 to 85°C unless otherwise noted) 





























Symbol Parameter Unit 
Min Typ Max 
Supply voltage 4.5 5 eee 5 V 
Supply voltage 0 V 
Vin “H” input voltage RESET, Xin, CNVsg (Note 1) 0.8Vcc a Voc V 
“H” input voltage PQ -P07, P19-P17, P29-P27, 
P39-P37, P4-P47, P5q-P5y, 
Vin P6-P6 : 
o-P67 
(expect Note 1) 
Vin “L” input voltage CNVss (Note 1) \ 
“L” input voltage PQ 9-PO7, P19-P17, P2o-P27, 
. P39-P37, P4-P47, P5q-P5z, 
P6o-P6; 
(expect Note 1) 
Vit “L” input voltage RESET 0 0.12Voc V 
Vit “L” input voltage Xin 0 ~ Jo. 16Voc V 
: “L” peak output current PQo-P07, P19-P17, 
P29-P27, P3po-P3z, 10 mA 
P5o-P57, P69-P67 L 





“L” average output current PO -P07, P1o-P17, 
P29-P27, P39-P37, 5 mA 
P59-P57, P69-P67 (Note 2) 





lot(avg) 






























“H” peak output current PO 9-P07, P19-P17, T ae 
lou(peak) P2o-P27, P3o-P3z, —10 mA 
P5o-P57, P69-P67 me 
“H” average output current PO -P07, P19-P17z, . 
lon(avg) P29-P27, P3p9-P3z, a) mA 


P5o-P57, P69-P67 (Note 2) 
Internal clock oscillating frequency 





12.5 | MHz 


Note 1 : Ports operating as special function pins INT;-INT3(P69-P62), EV;-EV3(P39-P32), RxD(P3,), 
Soik(P3¢) 
2 : lovvavg) and lon(avg) are the average current in 100ms 
3 : The total of Io, of Port PO, P1, and P2 should be 40mA (max ) 
The total of lo. of Port P3, P5, P6, R/W, SYNC, RESEToyz, RD, WR and ¢ should be 40mA (max ) 
The total of lo of Port PO, P1, and P2 should be 40mA (max ) 
The total of lo of Port P3, P5, P6, R/W, SYNC, RESETour, RD, WR, and ¢ should be 40mA (max ) 
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ELECTRICAL CHARACTERISTICS (vcc=5vV+10%, Vss=0V, Ta=—20 to 85°C, (Xin) =12. 5MHz) 


Symbol 


Vr+ — Vr- 


hie 





hy 


Vram 


Parameter 


“H” output voltage RD, WR, R/W, SYNC, RESETour, ¢ loy =— 2mA 
“H” output voltage PQ9-P07, P1o-P17, P29-P27, 
= P3o-P37, P5o-P57, P69-P67 
“L” output voltage PQp-P07, P19-P17, P2o-P27, 
P39-P37, P5o-P57, P6o-P67, 

RD, WR, R/W, SYNC, RESETour, ¢ 
“L” output voltage PQ9-P07, P19-P17, P29-P27, 
P3-P37, P5o-P57, P6o-P67 





Test conditions 


log =— 5 mA 





lon =2 mA 








lo. =5mA 


Hysteresis INT1-INT3(P6o-P6p), EV;-EVg(P3-P30), 
RxD(P34), Scrx( P36) 


Hysteresis RESET 

Hysteresis Xin 

“L” input current PQ o-PQ,, 
P39-P37, 
P6-P67, 

“H” input current PQ9-P07, 
P39-P37, 
P60-P67, 


RAM retention voltage 


Supply current 


P1o-P17, P29-P2;, 


P49-P47, P5o-P5y, 
RESET, Xin 
Pto-P17, P29-P2z, 
P49-P47, P5o-P5y, 
RESET, Xin 


= 4 


Function input level 





Vi =Voc 








peas Sere 
At stop mode 


| f(Xin) =12 SMHz 
At system operation 














At stop mode 
(Note 1) 





Note 1 : The terminals RD, WR, SYNC, R/W, RESETour, ¢, D-A; and D-Ap are all open The other ports, which are in the input 
mode, are connected to Vsg A-D converter ts in the A-D completion state The current through ADVrer and DAVne_r Is not 
included. (Fig 45) 


A-D CONVERTER CHARACTERISTICS 


(Vec=AVec™=5V+10%, Vss=AVss= 0 V, Ta =—20 to 85C, f(Xin) =12. 5MHz unless otherwise noted) 
















Via 






Symbol 


tconv 


Symbol 
| tsu | 


Vavss 
VDAVREF 


IDAVREF 





Resolution 


Parameter 






Test conditions 











Absolute accuracy 








Conversion time 


Analog input voltage 















Voc=AVcc=ADVprer=5V1 0% 


















Reference input voltage 












Ladder resistance value 















Resolution 
Full scale deviation 


Reference input current 


Analog power supply input voltage 
Analog power supply input voltage 











ADVper= 5V 
ADVrer= 5V 






















Parameter 












Test conditions 




















Vec=DAVrer= 5V+10% 





Set time 
Output resistance 






































Reference power input current 


Analog power supply input voltage 














Reference input voltage 
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TIMING REQUIREMENTS 
Port/single-chip MOde (Vcc=5V+10%, Vss=0V, Ta=—20 to 85°C, unless otherwise noted) 


Symbol Parameter Test conditions Mu 
in 


Port PO input setup time 160 
——__________| 









Port P1 input setup time 160 
tsu(p2p—¢) | PortP2 input setup time 160 





Port P4 input setup time 160 


tsu(psp—¢) | Port P5 input setup time 160 
tsu(pep—¢) | Port P6 input setup time 160 


Port PO input hold time 40 
Port P2 input hold time Fig 41 40 
thig—esp) | Port P3_ input hold time | 40; [| | ons | 


thi g—pap) Port P4 input hold time 40 





— 
tsu(p3p—¢) | Port P3 input setup time 160 ae 
ee 
eee cecal 
























































th(¢—Psp) Port P5 input hold time . 40 


| ns 

thi ¢—pep) Port P6 input hold time | ons | 
External clock input cycle time 80 1000 | ons | 
| ons 

| ons 

| ons | 

| ns 


































tw(XinL) External clock input “L” pulse width 
tw(XinH) 
tr(Xin) 























External clock input “H” pulse width 














External clock rising edge time 











External clock falling edge time 


Master CPU bus interface timing (R and W separation type mode) 
(Vec=5V+10%, Vss=0V, Ta=—20 to 85°C, unless otherwise noted) 





Symbol Parameter Test conditions 








tsu(cs—R) cs setup time 








tsu(cs—w) cs setup time 








thcr—cs) cs hold time 








thcw—cs) CS hold time 











tsu(a—r) AO setup time 


tsu(a—w) AO setup time 
thcrR—a) AO hold time 

















thcw—a) all AO hold time 





tw(R) Read pulse width 








twiw) Write pulse width 











tsu(o—w) Date input setup time before write 











thcw—pD) Date input hold time after write 








Master CPU bus interface timing (R/W type mode) 


(Vec=5V+10%, Vsg=0V, Ta=—20 to 85°C, unless otherwise noted) 


Limits 
Symbol Parameter Test conditions T 
yp 


tsu(cs—e) | CS setup time 
th(e—cs) CS hold time 
tsu(a—e) AO setup time 











th(e—a) AQ hold time 














tsu(RW—E) R/W setup time 








thie—aw) R/W_ hold time 











tw(eL) Enable clock “L” pulse width 





tw(eH) Enable clock “H” pulse width 





trie) | Enable clock rising edge time 


tfce) Enable clock falling edge time 


tsu(p—e) Data input setup time before write 























thc e—p) Data input hold time after write 
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Local bus/memory expansion mode, microprocessor mode 
(Voc=5V+10%, Vss=0V, Tg=—20 to 85°C, unless otherwise noted) 


oe 
eo [| 
























Symbol Parameter 


Serial input setup time 


Serial input clock “L” pulse width 
Serial input clock “H” pulse width 
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SWITCHING CHARACTERISTICS 
Port/single-chip mode (Vcc=5V+10%, Vss=0V, Ta=—20 to 85, unless otherwise noted) 


Port PO data output delay time 


td(¢—Pp10) Port P1 data output delay time 


Port P2 data output delay time 


Port P3 data output delay time 






3 
Fox al 
wn 










Test conditions Unit 























td( ¢—p2Q) 


td( g—psq) 
Port PS data output delay time 


Port P6 data output delay time 


td(¢—Psa) 







NOPD; REM TR] PD 
O;o;o;oio;o 
O1O;O;O;O]O;/O& 






eo velo tints | 400 
tw(¢H) ¢ clock pulse width (“H” level) 
tw( gL) ¢ clock pulse width (“L” level) 130 a 






| 





trig) % clock rising edge time 
¢ clock falling edge time | 
Master CPU bus interface (R and W separation type mode) 
(Voo=5V+10%, Vss=0V, Ta=—20 to 85, unless otherwise noted) 


MN }R 
O;1oO 





Parameter Test condition 


Data output enable time after read 


Data output disable time after read 
tpLH(R—prR) | Proy output transmission time after read 


teptu(w—prR) | Proy output transmission time after write 





Parameter Test condition 


Data output enabie time after read 
tVieE—p) __ Data output disable time after read 


Prpy Output transmission time after E clock 


Local bus/memory expansion mode, microprocessor mode 
(Voc=5V+10%, Vss=0V, Ta=—20 to 85°C, unless otherwise noted) 


Symbol Parameter Test condition 
Address delay time after ¢ 


tv(¢—a) ; Address effective time after ¢ 








Address effective time after RD 
Address effective time after WR 


Data output delay time after ¢ 


Data output delay time after WR 
tv(wR—pD) Data output effective time after WR 
td( ¢—rRw) R/W delay time after ¢ 

SYNC delay time after ¢ 
tw(rp) RD pulse width 


1d 
O;oO 





tw(wr) WR pulse width 


Symbol Parameter Test conditions 


| td(scix—tTxo)| Serial output delay time 
Serial output clock rising edge time 


Serial output clock falling edge time | 


Serial output clock period 


| 
Wid 


Serial output clock “L” pulse width 





Serial output clock “H” pulse width 
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TEST CONDITION 


Input voltage level Vi, 2.4V 
Vic 0. 45V 


Output test level > Vo, 2.0V 
Vo. 0.8V 





Fig. 41 Test circuit in 
single-chip mode 





Fig. 44 Serial I/O test circuit 


Fig. 42 Master CPU bus interface 
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test circuit 


loc 
(test point) 


Vcc other power 
AVcc Supply 
aS 


ADVrer 
DAVrer 


D-A1 
D-A2 
RD 


WR 
R/W 
SYNC 
RESETour 


$ 


Xout 


Fig. 45 loc (at stop mode) test condition 
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TIMING DIAGRAM 
Port/single-chip mode timing diagram 


te(xyy) twOqnyH) twoxnl) 
















Xin 
toi) 
; 
0.8 
twig) ° 3 
tsu(pip—¢) 
~ Port Pi input 


2.4 
0. 45 f 
| 


td(¢—pip) thi —pip) 





Port Pi output 





Note : Vin=0. 8Vcc, Vii=0. 16Voc of Xin 


Master CPU bus interface/ R and W separation type timing diagram 
Read 


aoe R) a A) 


2.4 
AO 
a a ae cep 
tsu(cs—r) thir—cs) 
cs 0. 45 .s - 0.45 
) 





ol 


a 2.0 
DB,—DB 
ta(r—p) 


Rathi. D) 


2.0 


Proy { 
teLH(R—PR) 
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Write 


AO 


=| 


DBo— DB, 


Prov 


M37451MC-XXXSP/FP/GP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 


tsu(a—w) thiw—a) 
2.4 2.4 
Jie | sis as 





2.4 2.4 
0. 45 0. 45 
thi 


W-D) 
2.4 


2.4 2. 
fois || Paes 


Master CPU interface/ R/W type timing diagram 


AO 


R/W 


read 


DBo— DB7 


write 


DB o— DB7 


Proy 


2.0 
tPLH(woPR) 
twieL) tw(eH) 
ee 
2.4 2.4 
0. 45 0. 45 ‘ : 0. 45 
tre) the) 
tsu(a—e) 


een ey 
2.4 
foe || sit BS 
thie-—cs) a 
0. 45 i 0. 45 
es 
7 ee: 
ae 


ta(e—p) ‘ 
“ V(E-D) 


tsu(p—e) te 
E-D) 


2.4 - 
IP: 


2.0 


crt 
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Local bus timing diagram 





tes) 
tw(¢H) twi¢L) 
t 
R/W 
a >. Ge > 
a . g 
mi tvi¢—a) 
nh ee 
thes — 
tsu(b— 3) i h(¢—p) 
cis as): 
CPU read 
td(¢—p) wens 
Do—D7 
4 » 
CPU write 
| t 
—_ pas ty(RD—a) 
roule ane) thiro—p) 
—D 
Do— D7 
t 
we ty(wR—a) 
wR Ce 
ty(wr—p) 
Do—D7 
— are MISES 
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Serial 1/O timing diagram 


toi Sci) 


tfisoin) tri sek) 
(sour twiscukt) e 'wiScuKH) 


0. 8Vcc | 0. 8Vcc 0.8Vcc 


0. 2Vcc 0. 2Vec 


Scik 







thisci~—AxD) 


0. 8Vcc 0. 8Ve6c 0. 8Vec 
RxD P q D 
0.2Vcc ‘ 0. 2Vec 0. 2Vcc 


tdisoiK—TxD) triRyd) 


tf(R,D) 


0.8Vcc 


TD 4 


0. 2Vcc 
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DESCRIPTION 

The M37451SSP/FP/GP is a single-chip microcomputer 
designed with CMOS silicon gate technology. It is housed 
in a 64-pin shrink plastic molded DIP or a 0.8mm pitch or 
0.65mm pitch 80-pin plastic molded QFP. In addition to its 
simple instruction sets, the ROM, RAM and 1/O addresses 
are placed on the same memory map to enable easy prog- 
ramming. It is suited for office automation equipment and 
control devices. The low power consumption made possible 
by the use of a CMOS process makes it especially suitable 
for battery powered devices requiring low power consump- 
tion. It also has a unique feature that enables it to be used 
as a slave microcomputer. 

M37451SSP/FP/GP has basically the same functions as 
M37451M4-XXXSP/FP/GP except the RAM size and the 
fact that these three need external ROM area. 


FEATURES 

e@ Number of basic instructions Wa BSS of erate erie aera ret aZere eres ere:'ei Soe ererereio% 71 
69 MELPS 740 basic instructions+2 multiply/divide in- 
structions 

e Memory size ROM O68 60 6 00 0E 6 86 6.d leo 0:8 4:0 © Oe OO 8 © wietele © 4-88 Ole ee None 


@ Instruction execution time 
(minimum instructions at 12.5 MHz frequency) 0.64us 


e Single power supply Sins SiS aide stale aad bse fare Wrayelove re fusie-~ a Sestesotesatanaie 5V110% 
@ Power dissipation normal operation mode 
(at 12. 5MHz frequency) Lid sib oes Since Beaten eens 40mW 
@ Subroutine nesting cc 128 levels max. 
@ Interrupt Sena eee e eee eee teens neat ene e tees eeereeerees 15 events 
@ Master CPU bus interface sss rrr teeter ete { byte 
e 16-bit 110112) See ee one enn 3 
@ 8-bit timer (Serial i/O use) NESE ET eee eee ee eee eee eee eee ee ee! { 
@ Serial 1/O (UART or clock synchronous) «rte 1 
© A-D converter (8-bit resolution) ::+-+---- 3 channels (DIP) 
8 channels (QFP) 
@ D-A converter (8-bit resolution) -1rte 2 channels 
@ PWM output with 8-bit prescaler 


(Either resolution 8-bit or 16-bit is software selectable) 1 
@ Programmable I/O 


(Ports P3, P5, =) oD RRR 24 
® Input (Port PA) crerrer teeter este reee teens ene 3 (DIP), 8 (QFP) 
@ Output (Port D-A,, D-A>) eONU Se ONS Tae Rie RaW abed ee ed me eenid ed Minis 2 
APPLICATION 


Slave controller for PPCs, facsimiles and page printers 
HDD, optical disk, inverter and industrial motor controllers 
Industrial robots and machines : 





PIN CONFIGURATION (TOP VIEW) 


P3//Srpy Voc 
P36/Scik ** AVss 
sel — Vner Tetege put 
VO P3,/RxD SI] D-A,} 
port P3 | P33/PWMourt ** 160} + D-A, | output 
P3./EV3 ++ — P4o/ANo 
P3,/EV> + — P4,/ANs | ooet pa 
P39/EV, + P4/ANp 
P5,/DB; +> — Ao 
P5¢/DBg + A, 
P5;/DBs +> 
P5,4/DB, +> — As 
P53/DB3 + — A, 
P5,/DB, + 
P5,/DB, + 
P5o/DBo + 
P6,/W + 
P6,6/R +> 
P6;/CS 
P6,/A0 +> 
P63/Prpy 
P6./INT3 +> 
P6,/INT> 
P6/INT, +> 


Read/Write — 
status output R/W <— 


Synchronous SYNC <— 
signal output 
CNVss a 


Reset input RESET — 
Clock input Xin — 


> As 
+ Ag 


Address 
bus 


dSSLSVLEW 


Data bus 


Clock output) = Xoy7 * 
Timing output p— 


Outline 64P4B 
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PIN CONFIGURATION (TOP VIEW) 


mr NWN OO Ty MO oO R,M 

Z2aaZzaaz2z2azzzZz 

SSSSSS5 be tea nh dak a 
Oe eho en ee PSO POPES PF EEEEEZ 
Vue de: AoE ee ote t ete teh Ret 
64] [61] [60] [59] [56] 55] [54 (511 [50] [49] [48] [47] [46] [45] [44] 








P49/ANo — eB | 4g] <+ Do 
D-Ao _— 166} ae D, 
D-A; — +> Do 

DAVrer — [68 +> D3 
ADVrer — [69] > Dy 
AVss abe 
AVcc as 
Voc + D, 
Vss M37451SFP Gaz 
P37/Srpy ++ —+ ¢ 

P36/Scik > NC 

P35/TxD «+ — Xout 

P34/RxD ++ — Xin 

P33/PWMour NC 

P32/EV3 +> ~— RESET 

NC + CNVsg 
qSILSiL Zi Lei Lei ol] 14] 15}{ 16] [17] [28] [19] [20] [21] 
ae Te ee ae ae ee ee ee ee ae ee 
OO wr fF 8 Y) ¥ CO N - & |c|n OI > ON & fo ay an) Or 
2UGSSSSSRSSS BCS SEE EERE S 5 
SSS OPP eseeetseeeanss iT 
Oaaeraeceeaeke CN BREE A 
oc 
: Outline S80P6N 
o~7rn oOo” 
ZZ2Z222 
<<tccc 
Poe eae oe oe eee 
aoooodtddedcd¢etcrcetcrcrcice 
TE iO ly le cles Sa a al 
60]{59]}58} 
P49/AN2 —+ ao] —> Ais 
P4,/AN, — NC 
P49/ANo —+ D3 
D-Azg «<— =D, 
D-Ay «< +> D2 
DAVrer —> «> D3 
ADVrer —> + Dg 
AVss «> Ds 
AVoc 6 De 
Voc M37451SGP sire 
Vss Vss 
P37/Srpy <> —+¢ 
P36/Scix <> NC 
P35/TxD <> — Xout 
P34/RxD <> < Xin 
P33/PWMout <> NC 
P32/EV3 <> - RESET 
NC « CNVss 
NC —»+ RESETout 
P31/EV2 ++ [0] — SYNC 
HEHE RZ LETS POY 1415416] 
AAA RE GRRE G RG) aay ae 
Sonomonaoams'=|”2 BREE] = 
ee eee 
SS Pe PRET SOSA TS 
Qnacocoooe t GOO 





Outline 80P6S 


NC : No connection 
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M37451SSP BLOCK DIAGRAM 


Clock Clock Timing Reset 

input output output input _ 

Xin eu ot RESET R/W SYNC Vec = Vss 
Cy 






Data bus 


ee = 
i isi eg Tmt | Timer 1 latchk-——> 
RAM Program | Program had (16) (16) p—_1 register 
counter | counter | =a 
1024 5 PC, (8 71 ~Ss«zTimer2 Timer 2 latchk——>» 
ihaaem ad (16) 6) 





instruction 
decoder 


Control signai 


i 
IN 


Timer 3 latch 
| (16) 


Pulse width 


modulator 
i 
i ie 


D | D-A ; 
a] phates ae | 
. A A | Ct SS es 


i 
=a 
a3 
29 
wo 


il 






- | [Processor 
status 
register 








xe 


i I= ce 
A\ 






' 


Noy }————7" } SSeS Mode! 
ix Ul oy | | 
a ak 
Lb ade G7E8E9I— - ——GE) RARER EE 638485863 2E93940--4N424349451464 748490 NEDEIEIGHED —-C) —- - —- 
Ne Re eee ee eee eae eee VS 
1/O port P6 © input port P4 Phe CG port P3 I/O port P2 Data bus Address bus Ripe 


YALNdUNODIOUDIN SOW) Lid-8 
SHYALNAUWODOUDIW IHSISNSLIW 


d3/di/dSSTSVZEW 


M37451SFP BLOCK DIAGRAM 





Clock Clock Timing Reset Reset 
input output output Input output 
Xin Xout ¢ RESET RESETour WR RD R/W SYNC Voc Vss Vss 
9 


@) no or @—-9-O-B-— - — - —B —@-B - —-— - — - — - — - — - — - — -— - —-— -—-- 


Data bus 


Program} Program 
‘counter {counter 


PCu(8) JPC, (8) 






L 















Saas = 
—— Timer 1 latch 
(16) ii. Ke 


Clock generating circuit 


Ea 
register 
See 5 
—71 Timer 2 Timer 2 latch 
hearse wd (16) (16) 
I decoder 
Timer 3 Timer 3 latch 


= (16) ; (16) 
Baas = Control signal 
P 


ai 


ll 


is 


Hl 


ulse width 
Processor modulator 

7 status 

register 


PS(8) 








INT, BR 


jee, 
INT; Paw 
AN aw a ia acco | Loaves A Af 
a ee 





ae 








M — 
JU UY | | 
a2 
LELLSLESSRGRILILIZEMORIe TRE 
TUSSI ete perils 
EERE ERR - —QOODOOQLOLI176969 CHEIES-CIENED—-CATCSIINL XS) —CHIESIGOGNEIEINAD 043109454) — GOS VEIEIEIED Oe 
a ee —.——~ | | pe“ oN 0-2 D-( SN CNV 
I/O port P6 I/O port P5 ADV, Input port P4 DAVrer 1/O port P3 Data bus Address bus °° 
AVcc 
oOo 
8 





d3/dai/dSSTSPpZein 
SUa.LNdWODOUDIW IHSISNS.LIW 
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M37451SGP BLOCK DIAGRAM 





Clock Clock Timing Reset Reset 
input output output input output sal, ety tes 
Xin Xour g RESET RESETout WR RD R/W SYNC Vcc Vss Vss 
26 29) - - — - —()—(9-—20—@)-- - —— - —@ —60-@) - — - —- - —-- —-— 
V 
Data bus 


Clock generating circuit 


i 
a 
= 
i) 

— 

aA 
- 
i 
i?) 
_ 


: 


5 a= 

Timer 2 latch 

met § tet 

St oe =a 
_ (16) 


ke ES 
ae | Pulse width 


Processor 


I 

t 

' 

i} 

t 

1 

| 

i] 

i 

| annmete status Inger leis c——A_modulator 
' logic unit register register register i 
1 

| 

I 

t 

t 

i} 

1 

' 








BRG 





one 


= | = : a | 
Bus interface S 1VO 
i converter 2 ; converter|] vena 
AN = a as i acta fr leonvene 






4 
MERREES PRARA RY 


a 
becaeacaeseaeo—- 


7 





P3 ( 
el LAK 
, 


VV 


DOOOON®L) COEPEIEICNEHEIE SHS. CH3CADCILIEV OD) —B3063038485366739404)) 
\/O port P6 1/O port P5 [kos Input port P4 {| D-A2 1/0 port P3 Data bus 
AVoc DAVrer 





(an G UTP yg 
+ 





instruction 
register 

Instruction 
decoder 


Control signal 


Address bus 
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FUNCTIONS OF M37451SSP/FP/GP 


Parameter 


Number of basic instructions 
Instruction execution time _ 
Clock frequency 
RAM size M37451SSP/FP/GP 


Input/Output port P4 
D-A 





Serial 1/O 


Timers 


A-D converter 
D-A converter 
Pulse width modulator(with 8-bit’prescaler) 


MITSUBISHI MICROCOMPUTERS 


M37451SSP/FP/GP 


8-BIT CMOS MICROCOMPUTER 


Functions 
71(69 MELPS 740 basic instructions+2) 
0 644s(minimum instructions, at 12 5MHz frequency) 











12 5MHz(max ) 

1024 bytes” 

8-bitX3 : 

3-bitX 1(8-bitX 1 for 80-pin model) 

2-bitX 1 

UART or clock synchronous 

16-bit timerX3, 

8-bit timer(sertal 1/O baud rate generator) X1 





8-bitX 3 channels(8 channels for 80-pin model) 











Data bus buffer 


8-bitX 2 channels 
8-bit or 16-bitX1 
1-byte input and output each 














Subroutine nesting 





128-levels (max ) 





Interrupt 











6 external interrupts, 8 internal interrupts, 1 software interrupt 











Clock generating circuit 








Built-in(ceramic or quarts crystal oscillator) 








Supply voltage 


5V+10% 











Power dissipation 








40mW(at 12 5MHz frequency) 








Input/Output voltage 








Input/Output characters 
Output current 





5V 











+5mA(max ) 








Operating temperature range 

















—20 to 85°C 








Device structure 

















CMOS silicon gate 








| M37451SSP 





64-pin shrink plastic molded DIP 





Package M37451SFP 





80-pin plastic molded QFP(0 8mm pitch) 











M37451SGP 











80-pin plastic molded QFP(0 65mm pitch) 
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PIN DESCRIPTION 





Input/ 
Functions 
Output 
Supply voltage - Power supply inputs 5V+10% to Voc, and OV to Vgs 











Vv 
RESET 
X 





Reset input Input To enter the reset state, the reset input pin must be kept at a “L” for more than 8 clock cycles(under nor- 
mal Vcc conditions) If more time 1s needed for the crystal oscillator to stabilize, this “L” condition should 
be maintained for the required time 

















ss 
iN 

















Clock input Input This chip has an internal clock generating circuit To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the Xiy and Xour pins If an external clock is used, the clock 
Clock output Output source should be connected to the X;y pin and the Xour pin should be left open 
—_|— a rei 
p Timing output Output focal outputs signal consisting of oscillating frequency divided by four 
SYNC Synchronous signal Output This signal ts output “H” during operation code fetch and ts used to control single stepping of programs 
output 
> marth ae a 
Read/Write Output This signal determines the direction of the data bus It 1s “H” during read and “L” during write 
status output 
Address bus Output This is 16-bit address bus 
Data bus 1/0 | This ts 8-bit data bus 





Input/Output port P3 | 1/0 Port P3 is an 8-bit |/O port with directional registers allowing each I/O bit to be individually programed as 
input or output The output structure is CMOS output Serial 1/O, PWM output, or even I/O function can be 


selected with a program 


—_——+-- 








Input port P4 Input Analog input pin for the A-D converter The 64-pin model has three pins and the 80-pin model has eight 
pins They may also be used as digital input pins 

















~—_—_—— 







Input/Output port P5 1/0 An 8-bit input/output port with the same function as P3 This port functions as an 8-bit data bus for the mas- 


IE CPU when slave mode is selected with a program 





































































P6)-P67 Input/Output port P6 1/0 An 8-bit input/output port with the same function as P3 Pins P63-P67 change to a control bus for the master 
CPU when slave mode ts selected with a program Pins P6)-P62 may be programmed as external interrupt 
Input pins 
D-A,, D-Ao D-A output Output Analog signal from D-A converter is output 
Vrer Reference voltage Input Reference voltage input pin for A-D and D-A converter This pin ts for 64-pin model only 
input 
ADVrer A-D reference voltage Input Reference voltage input pin for A-D converter This pin ts for 80-pin model only 
input 
DAVrer D-A reference voltage Input Reference voltage input pin for D-A converter This pin ts for 80-pin model only 
input 
AVss Analog power supply Ground level input pin for A-D and D-A converter Same voltage as Vsgs is applied 
\ 
AVcc Analog power supply Power supply input pin for A-D converter This pin is for 80-pin model only Same voltage as Vocis applied 
| In the case of the 64-pin model AVcc is connected to Vcc internally 
at 
RD Read signal output eae Control signal output as active “L” when valid data ts read from data bus This pin ts for 80-pin model only 
WR Write signal output Output Control signal output as active “L” when writing data from data bus to external component This pin ts for 
80-pin model only 
RESETourt | Reset output Output Control signal output as active “H” during reset It is used as a reset output signal for peripheral compo- 
nents This pin is for 80-pin model only 
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BASIC FUNCTION BLOCKS 

The differences between M37451M4-XXXSP/FP/GP and 
M37451SSP/FP/GP are noted below. Other functions are 
the same as M37451M4-XXXSP/FP/GP in microprocessor 
mode. 


MEMORY 

¢ Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as |/O ports and timers. 

« RAM 


RAM is used for data storage as well as a stack area. 






RAM (192 bytes) 








RAM (832 bytes) 


Memory map 


Fig. 1 


OOBF 16 | Zero page 
( 
! | 


l 
SFR area 
(Fig 2) 


Interrupt vector area 


FFFFi¢ ae Jk te eetes ee eee eed 


¢ Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 
(This area must be located in ROM area) 

¢ Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with only 2 bytes, 

¢ Special Page 

Special page addressing mode is useful because it en-. 
ables access to this area with only 2 bytes. 





Special page 
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PS directional register 


( 
( 
Timer 3 latch (high-order) 


-order) 
igh- ) 
i ) 
MISRG1 Timer 1 latch (high-order) 
MISRG2 Timer 2 register (low-order) 
i i ) 
- ) 
) 





Fig. 2 SFR (Special Function Register) memory map 
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ABSOLUTE MAXIMUM RATINGS 


Supply voltage —0.3 to 7 ae 
Pe sl Input voltage RESET, Xin —0.3 to 7 Pov | 


Input voltage Do-D7, P39-P37, P4o-P4z, 
P59-P57, P69-P67, ADVerer, —0O, 3 to Veco t0. 3 
we =0.3t013 | OV 
P59-P57, P69-P67, Xour, 
¢, RD, WR, R/W, RESEToyr, SYNC 


Voc 
Vv; 
V; 
DAVrer, Vaer, AVoc 
Vi 
Vo 
| Pq | Power dissipation Ta = 25 1000 (Note 1) 
































With respect to Vss 
Output transistors are 
Input voltage CNVss at “OFF” state 


Output voltage Ap-A;s5, Do-D7, P39-P37, 





—0. 3 to Voc t0. 3 









V 

V 

V 

V 

V 
Topr___| Operatingtemperature | —20 to 85 
~40 to 125 


Note 1 : 500mW for QFP type 








Storage temperature 





RECOMMENDED OPERATING CONDITIONS 


(Voc=5V+10%, Ta=—20 to 85C unless otherwise noted) 


Supply voltage 
Supply voltage 
“H” input voltage RESET, Xin, CNVsg (Note 1) 
“H” input voltage Do-D7, P39-P37, P4 -P4z, 
P5o-P57, P6-P6, (except Note 1) 
“L” input voltage CNVss_ (Note 1) 
“L” input voltage Do-D7, P39-P37, P4o-P47, 
P5o-P57, P6y-P67 (except Note 1) 
“L” input voltage RESET 
“L” input voltage Xin 





“L” peak output current Ap-Ays5, Do-D7, 

lo-(peak) P39-P37, P5o-P57, 
P69-P67 

“L” average output current Ag-Ai5, Do-D7, 

lo-(avg) P39-P37, P5o-P5z, 

P6-P67 (Note 2) 

“H” peak output current Ag-Ajs5, Do-D7, 

lon(peak) P39-P37, P5o-P5z, 
P69-P67 

“H” average output current Ao-Ais,; Do-D7, 

lon(avg) P39-P37, P5o-P5z, 

P6-P6, (Note 2) 


f(Xin) Clock oscillating frequency MHz 


Note 1 : Ports operate as INT,-INT3( P69-P6>), EV,-EV3(P39-P3.), R,xD(P3,) and Scix( P36) 
2: The average output current lon(avg) and lo.(avg) are the average value duringa100ms 
3 : The total of “L” output current lot(peak) Of port P3, P5, P6, R/W, SYNC, RESEToy+, RD, WR and 
? is less than 40mA ox me sees 
The total of “H” output current lon(peak) of port P3, P5, P6, R/W, SYNC, RESETour, RD, WR and 
¢ ts less than 40mA 
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ELECTRICAL CHARACTERISTICS (Vec = 5V+10%, Vsg = OV, Ta = —20 to 85°C, f(Xiy) = 12. 5MHz, unless otherwise noted) 


Symbol Parameter Test conditions 
Typ. Max 


| Von __| “H” output voltage RD, WR, R/W, SYNC, RESETour, ¢ 

















< 
19) 
0 
t 





















Vou 
“H” output voltage Ag-Ais, Do-D7, P3o-P37, ; 
V lon=—5mA Voc! V 
“L” output voltage Ao-A1s, Do-D7, P39-P3z, 
Voi. P5o-P57, P69-P67, RD, WR, lol =2mA 0. 45 
R/W, SYNC, RESETour, ¢ 
Voi 


“L” output voltage Ap-Ais, Do-D7, P39-P37, 
loL=5mA 
P5o-P57, P6o-P6, 


Hysterisis INT;-INT3(P69-P62), EV)-EV3(P39-P32), 
Vr4—Vr— Function input level 
RxD(P34), Scix( P36) 


Hysterisis RESET 
Hysterisis Xin 


' “L” input current Do-D7, P39-P37, P49-P4;, 
"i P5o-P57, PG-P67, RESET, Xj 


“H” input current Do-D7, P39-P37, P4o-P 47, 


! 
P59-P57, P69-P67, RESET, Xin 
loc 
UA 


RAM retention voltage 
Note 1 : The terminals RD, WR, R/W, SYNC, RESETour, ¢, D-A; and D-A, are all open The other ports, which are in the input mode, are connected 
to Vsg A-D converter is in the A-D completion state The current through ADVper and DAVper 1S not included( Fig.7) 


























g 
> 
















Vi=Voc 


is 
> 


SiS 
ao |] ao [aiNnl + 














At stop mode 





At system operation 
(Xn) =12. 5MHz 
At stop mode (Note 1) 






mA 
Supply current 


| 
| } jo 2 
hm} ao o |= Ww 
‘Al 
5 





A-D CONVERTER CHARACTERISTICS 


(Voc = AVoc = 5V £ 10%, Vsg = AVss = OV, Ta = —20 to 85°C, f(Xiy)=12.5MHz, unless otherwise noted) 


Symbol Parameter 


|__| Resolution 


asi Absolute accuracy 
tconv 


Via 
Riappver 
lWADVREF 
Vavec 
Vavss 









Test conditions 






Voc=AVcco=ADVrer=5VE 10% 






Conversion time 







Analog input voltage 









Reference input voltage 








Ladder resistance value ADVrer=5V 


ADVrer=5V 












Reference input current 
Analog power supply input voitage 
Analog power supply input voltage 


D-A CONVERTER CHARACTERISTICS (Voc = 5V 110%, Veg = AVss = OV, Ta = —20 to 85°C, unless otherwise noted) 


Symbol Parameter Test condition 


Resolution 
Absolute accuracy Voc= DAVrer=5V10% 





Setup time 


Analog power supply input voltage 
Reference input voltage 
Reference power input current 
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TIMING REQUIREMENTS 


Port (Vcc=5V+10%, Vss=0V, Ta=—20 to 85, unless otherwise noted) 


Symbol Parameter Test condition 


Port P3 input setup time 
Port P4 input setup time 
Port P5 input setup time 
Port P6 input setup time 
Port P3__ input hold time 








Port P4 input hold time 

Port P5 input hold time 

Port P6 input hold time 

External clock input cycle time 
External clock input “L” pulse width 
External clock input “H” pulse width 
External clock rising edge time 
External clock falling edge time 


Master CPU bus interface timing (R and W separation type mode) 
(Vcoc=5V10%, Vss=0V, Tg=—20 to 85°C, unless otherwise noted) 


Symbol Parameter Test condition 


CS setup time 
cs setup time 
cs hold time _| 
CS hold time 


th(R—a) AO hold time 
Read pulse width 
























































Master CPU bus interface timing (R/W type mode) 


(Vcec=5V10%, Vgs=0V, Ta=—20 to 85°C, unless otherwise noted) 


Symbol Parameter Test condition 


R/W_ hold time 

Enable clock “L” pulse width 

Enable clock “H” pulse width 
rama 
ar 


Data input setup time before write 
th(e—p) Data input nold time after write 





= 
ie) 
x 


N 
Qo 

























N 
ol 
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Local bus/Memory expansion mode, Microprocessor mode 
(Voo=5V+10%, Vss=0V, Tg=—20 to 85C, unless otherwise noted) 


Data input setup time 








thc ¢—pb) Data input hold time 
Data input setup time 
thcRD—pb) Data input hold time 

















Clock synchronous serial I/O (Vcc=5V410%, Vss=0V, Ta=—20 to 85°C, unless otherwise noted) 


Limits 
Symbol Parameter Test conditions Unit 
Min Typ Max 


Serial input setup time 160 | ons | 
Serial input hold time 80 | ns 
Serial input rising edge time | oF 

tf( RD) Serial input falling edge time ai 
Serial input clock rising edge time Fig 6 
Serial input clock falling edge time | 30 
Serial input clock period “y : 640 aio is ns 

- 








































Th 


























Serial input clock “L” pulse width 
Serial input clock “H” pulse width 














SWITCHING CHARACTERISTICS 


Port (Vcc=5V+10%, Vss=0V, Ta=—20 to 85°C, unless otherwise noted) 


td( ¢—Pp3aq) Port P3 data output delay time 
td(¢—psa) Port P5 data output delay time 
tdi g—p6aQ) Port P6 data output delay time 








tw(¢H) ¢ clock pulse width (“H” level) 
¢ clock pulse width (“L” level) 


¢ clock rising edge time 
¢ clock falling edge time 
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Master CPU bus interface (R and W separation type mode) 


(Voc=5V+10%, Vsg=0V, Ta=—20 to 85°C, unless otherwise noted) 


Limits 
Symbol Parameter Test condition 


Data output enable time after read 


Data output disable time after read 
Prpy output transmission time after read 
Prpy output transmission time after write 





Master CPU bus interface (R/W type mode) (Voc=5V+10%, Vss=0V, Ta=—20 to 85C, unless otherwise noted) 


Limits 
Symbol Parameter Test condition | 
Typ | Max _| 


Data output enable time after read 













tv(e—p) 


teLH(e—pR) 





Data output disable time after read 
Proy Output transmission time after E clock 





Local bus/Memory expansion mode, microprocessor mode 


Parameter 





Address delay time after ¢ 





Address effective time after ¢ 





Address effective time after RD 





(Voc=5V+10%, Vss=0V, Ta=—20 to 85°C, unless otherwise noted 


Test condition 








Min 


Limits 
Typ 


io | 


Max 







~~ 


Unit 





80 


ns 


tvcRD—A) 10 Ne 
tvi(wrR—a) Address effective time after WR 10 


| td(¢—p) Data output delay time after ¢ 

















td(wr—p) Data output delay time after WR | | 80 | ons 
tv g—p) Data output effective time after ¢ ee 20 rE ons 
tviwa—p) Data output effective time after WR 20 Pons 
td( ¢—rw) R/W delay time after ¢ Ag] 
td(g—sync) | SYNC delay time after ¢ 80 | ons | 
tw(rRp) RD pulse width “| 130 ns 
twowa) WR pulse width 130 [ ns 








Clock synchronous serial 1/0 (Vcc=5V+10%, Vss=0V, Ta=—20 to 85°C, unless otherwise noted) 


Parameter 





td(so_k—TxD) 


tf Scik) 





Test conditions 





Serial output delay time 





Serial output clock rising edge time 








Serial output clock falling edge time 





to« Sci) 


Serial output clock period 





tw(seiKl) 


Serial output clock “L” pulse width 





tw sciKH) 





Serial output clock “H” pulse width 
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TEST CONDITION 


Input voltage level: Vi, 2. 4V 
Vii 0. 45V 
Output test level > Voy 2.0V 


Vo. 0.8V 





Fig. 3 Port test circuit Fig. 4 Master CPU bus interface 
test circuit 


Voc 

loc 

(test point) 
other power 


supply 
open or no > 
output current 


Voc or Vss 





open or no output 
Fig. 6 Serial I/O test circuit WwW current 


RESETour 
? 


Xout 





Fig. 7 Ico (at stop mode) test condition 
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TIMING DIAGRAM 
Port/single-chip mode timing diagram 


tocxy) two) tWOunl) 













Xin 
to(¢) 
tw(¢L) 
t 
W(¢H) te 4) tea) 
tsu(Pip—¢) 
2.4 
Port Pi input | / 2.4 . 
— 0.45 0. 45 
td(¢—PID) th(¢ —Pip) 
Port Pi output 





Note - Vin=0. 8Vcc, Vip =0. 16Vcc of Xin 


Master CPU bus interface/ R and W separation type timing diagram 


Read 


tsu(a—R) thcR—a) 



















AO 
cs 
R 2.4 2.4 
0. 45 0. 45 
DBy— DB; 
ta(r—p) 
Paoy 
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Write 


‘tsu(a—w) thiw—a) 








AO 


>| tsu(cs—w) thiw—cs) 





=| 


DB)—DB, 








Pr DY 





teLH(w—pR) 


Master CPU interface/ R/W type timing diagram 


twiev) tw(eH) 
i Se 


0. 45 0. 45 





tsu(a—e) 


AO 





R/W 





read 


DBo— DB, 


ta(e—p) 


\ 
7; 
need tvie—p) 


tsu(p—e) 


write | 
) fo as iB: 
DBo— DB; : 


th(e—p) 


Prpy 2.0 


eet 
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Local bus timing diagram 


to(¢) 
ee 
tw(¢H) twi¢éL) 


| 


g 
re 
- og’ 
a. 
SYNC 


td(¢—a) 
tvig—A) 


tsu(o—¢) r thie -p) 
Dp—D7 
(> 


CPU read 














tdi — 
di¢—p) ty(¢—p) 


Do—D, 
CPU write 








twirp) 
ty(RD—A) 
RD 
thi ap—p) 
Do— D7 
CPU read 
twiwr) 
ty(wR—a) 
WR | 
ty(wR—p) 
> 


Do— D; 
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Clock synchronous serial I/O timing diagram 






te(soik) 
tf Sox) twiseiKt) tréseuk) twisoiKH) 
0. 8Voc 0. 8Vcc 0. 8Vcc 
Serk 
0. 2Vec 
thiscrk—Rx0) 
0. 8Vcc 
RD 
0.2Voc 
tdi soi x—TxD) troryo) 
tfiRyo) 
0. 8Vcc 
TD 4 
0. 2Voc 
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DESCRIPTION 

The M37450M4TXXXSP/J is a single-chip microcomputer 
designed with CMOS sillicon gate technology. It is housed 
in a 64-pin shrink plastic molded DIP or an 84-pin plastic 
molded QFJ (PLCC). 

In addition to its simple instruction sets, the ROM, RAM, 
and |/O addresses are placed on the same memory map to 
enable easy programming. 

It is suited for office automation equipment and control de- 
vices The low power consumption made by the use of a 
CMOS process makes it especially suitable for battery po- 
wered devices requiring low power consumption. It also 
has a unique feature that enables it to be used as a slave 
microcomputer. 

The differences between the M37450M4TXXXSP/J and the 
M37450M4-XXXSP/FP are some electrical characteristics, 
the expansion of operating temperature range, and the 
package. 

The number of analog input pins for the 84-pin PLCC (J 
version) is different from the 64-pin model (SP version). In 
addition, the 84-pin model has special pins for RD, WR, 
RESETout, DAVrer, ADVrer, AVcc and the 64-pin model 
has a special Veer pin. 


FEATURES 

@ Number of basic instructionS::::::s street terete 71 
69 MELPS 740 basic instructions+2 multiply/divide 
instructions 

@ Memory size 
= @) \ eon enn 8192 bytes 


RAM cecccretcctt tt ee tee e cent eee e teen ene n ene eeeeeeeeeaaeeas 256 bytes 
@® Instruction execution time 
(minimum instructions at 10MHz frequency) --:------ 0.8us 
e Single power supply j Sea ianhieue soe Renu secleews cat Weadieg Care 5V+10% 
@ Power dissipation normal operation mode 
(at 10MHz frequency) Spaweh wary nbaterduadaSohunaa ashes 30mWw 
@ Subroutine nesting «soos 96 levels max 
@ Interrupt ee ee ee ee ay 15 events 
@ Master CPU interface -::::r cece etree etter ete { byte 
@ 16-bit timer TrTrrrrrrrrrrrrerrre rr rr rere rrr eee re eee ee rere ee ee ee 3 
@ 8-bit timer (Serial 1/O use) cid siaretivaiela Sieh owas wise wieraie ya siete naan nate { 
@ Serial 1/O (UART or clock synchronous) «11:17 1 
@ A-D converter (8-bit resolution) -- ------ 3 channels (DIP) 
8 channels (QFJ) 
@ D-A converter (8-bit resolution) --:---- 2 channels 
@ PWM output (8 bit or 16 bit) ee a oe ee eee ee { 
@ Programmable !/O ports 
(Ports PO, P1, P2, P3, P5, P6) (lua itedoa ipedde tends edaonia’ 48 
@ Input port: (Port: P4) <ste7t<teueserneercce 3(DIP), 8(QFJ) 
) Output ports (Ports D-A,, D-A>) Had sistas! atelole erie ra bed sOAe OMe wi oe y) 
APPLICATION 


Slave controller for PPCs, facsimiles, and page printers. 
HDD, optical disk, inverter, and industrial motor controllers. 
Industrial robots and machines. 








PIN CONFIGURATION (TOP VIEW) 


P3,/Sapy 
P36/Scix 
P3,/TxD +> 
P3,/RxD 


P33/PWMour 


Read/Write 


P3,/EV3 > 
P3,/EV > 
P3,/EV, 
P5,/DB, +> 
P5¢/DB, +> 
P5./DBs ++ 
P5,/DB, > 
P53/DB3 
P5,/DB, «> 
P5,/DB, 
P5)/DBy > 
P6,/W > 
P6,./R 
P6;/CS + 
P6,/A0 
P63/Prpy 
P6,/INT3 + 
P6,/INT2 
P6o/INT, +> 
R/W + 


dSXXXLVWOSPZEW 


Voc 

AVs 
+— Vrer 
+ D-A, 
— D-A2 
+— P4)/ANo 
+ P4,/AN, 
— P42/AN> 
+> P0Qo/Ao 
+ P0,/A, 
+> P02/A2 
+ P03/A3 
+ P0,/A, 
+ P0s/As 
+> P0.6/Ag 
+> P07/A; 


> P13/Ai1 
> P14/Ay12 
> P15/Ai3 
+> P16/Ai4 
> P17/Ait5 
++ P2)/Do 


Ss 
Reference voltage 


input 
D-A output 


Input port P4 


1/O port PO 


(/O port P41 


Synchronous 


Clock output 


status output 
SYNC + 


CNVss—> 
RESET > 
Xin > 
Xour * 


g— 


+> P2,/D, 
++ P2,/D2 
+> P2,/D3 
+> P2,/D,4 
+> P2;/Ds 
+> P2¢/De 
+> P2;7/D7 


signal output 
Reset input 


1/O port P2 
Clock input 


Timing output 





+> P10/Ag 
+ P1,/Ag 
+ P12/Ajo 


(=| — P30/EV, 
[oj-+ P3,/EV2 
 P42/AN2 


Eg 


P57/DB, ~~ 


M37450M4TXXXJ 


54} > P15/Ai3 


fa 
& 


P17/A15 «+ 
P16/A14 <> 


Outline 84P0 


NC : No connection 
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Clock Clock Timing Reset _ Reset 
input output output input output aes 7 . 
Xin Xour p RESET RESEToyr WR RD R/W_ SYNC Voc Vss 
Q— - << cee i a ad )-—O—_@- —__— - ———- - —®-__@-®_- - —____ - ——_ - —--- > 
Data bus 


























Clock generating | in i = imer - mer latchK—_—_> 
circuit ; ——— ea = — register 
ae RAM] — [Foam |rosam) Ron ce at te 5 = | (8) 
counter —_ 
256 PCH(8) J PCL(8) 8192 x] «Timer 2 Timer 2 latc —_, | 
bytes = bytes K—_—(16) (16) yan NY 
a= i = =e 


7 
il 
3 
@O 
a 


! 
t 
Instruction 
t 
aoa Instruction 


(16) (16) 


Ml 


[22 If 


ee 
= 
3 
7 
“1B 
oO 


+ decoder 








— Pulse width 
Accumu eae Index Index Stack Multi- (____ 4 modulator 
lator register register register pointer plrer/ 
A(8) PS(8) x(8) y(8) s(8) emides Control signal 


Interrupt 
control 


[| 
na 


8 PQ(8) 
EEE 
by bd Y CHEOI—ED 

ort 


) 
NOL) uN 4849690-62636465 69 CSxGOKEAEBEI-——9 = a 
1/O port P2 





D-A : 
Pe:s 
AA | | A 


{I Lp Ieee 
f 





CMELD43CDEI-COL NAIA BOLILI-DMVOOO 1@ 
; ee ae Ss onv 
1/O port P5 i [Aves input port P4 | Hl ie I/O port P3 1/O port P1 1/0 port PO a 
REF TEND 
AVcc DAVrer 


dSXXX-VINOSPZEW 49 NOISUSA SZYUYNLVEAdWAL INILVYAdO GAQNALXS 


f/dSXXXLPINOSPZEWN 


SYALNdUWODJOUXSDIN IHSISNSLIAW 





OLS 
IHSTENS LIN ry 


2 


Lek 


M37450M4TXXXSP BLOCK DIAGRAM 





Clock Clock Timing Reset 
input Output output input = 
Xin Xourt ¢ RESET R/W SYNC Veo. Vee 
i a,—, 62 O SOO eS ee 
_ Data bus 






Instruction 
register 
(8) 























Program § Program 
counter counter 
PCH(8) § PCL(8) 


Instruction 













decoder 





eas Pulse width 
modulator 





Index Stack Multt- 
register pointer pher/ 
Y(8) S(8) divider 











register 
x(8) 






register 


PS(8) Control signal 















i ic, een gt EE 1 
control COMP 
z= 


peroee 
Bus interface A- oa] | Serial 1/O 
Ei a Pu 
a a, a, 






Ries Poet 
iF Joh in ae 
ered SERE a 
saeins es Fh Niel 
ee dbebchchebesc — ONIN M4Xigts Lb E y N23 EX KEXV®) Sidhu LSdadau i 47148) UL 
: ; Roose aes Ad Soa A Se 
1/O port P6 - 1/O port P5 ee Input portP4 = D-A, 1/O port P3 VO port P2 O port P2 “1/0 port Pt port P14 I/O port 





QP 


ane 


dSXXX-VINOSPZEW 3° NOISUSZA SHYNLVYEUSdWSL ONILVYSdO GSQNSLX3 
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FUNCTIONS OF M37450M4TXXXSP/J 


‘OMe (max 


FROM 8192 bytes 
Memory size 
PO-P3, P5, P6 8-bitX6 
Finput = sd 3-bitX 1 (8-bitX1 for 84-pin model) 
D-A Output 2-bitX 1 
Serial 1/O UART or clock synchronous 
16-bit tmerX3, 






























Input/Output ports 


| 
oS 

















Timers 

8-bit timer (serial |/O baud rate generator) X 1 
A-D converter 8-bitX3 channels (8 channels for 84-pin model) 
D-A converter ' 8-bitX 2 channels 





Pulse width modulator 8-bit or 16-bitX 1 


Data bus buffer 1-byte input and output each 
Subroutine nesting 






















96-levels (max ) 





6 external interrupts, 8 internal interrupts 
1 software interrupt 


Clock generating circuit Built-in (ceramic or quarts crystal oscillator) 
Supply voltage 5V+ 10% 


Input/Output voltage 5V 
Input/Output characters 
Output current 5mA (max.) 






Interrupt 









































Memory expansion Possible 
Operating temperature range —40 to 85C 
Device structure | CMOS silicon gate 


















Back M37450M4TXXXSP 64-pin shrink plastic molded DIP 
ackage 
3 M37450M4TXXXJ 84-pin plastic molded QFJ (PLCC) 
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PIN DESCRIPTION 


Pin 


Vcc; 
Vss 


CNVss 


RESET 


Xin 


Xout 


SYNC 


are 


R/W 


POo-P0,7 


P19-P17 











P4-P4, 
(P4)-P4;) 


P50-P57 


P69-P67 


D-A,, D-A, | D-A output Output Analog signal from D-A converter is output 








Supply voitage 





CNVss 


Reset input 


Clock input 


Clock output 







Timing output 


Synchronous 
signal output 


Read/Write 
status output 






1/O port PO 


’ 


I/O port P14 


1/O port P2 


1/O port P3 


Input port P4 


1/O port P5 


1/O port P6 








Input/ 


Output Functions 


Power supply inputs 5V+10% to Voc, and OV to Vss 


Controls the processor mode of the chip Normally connected to Vsg or Voc 


To enter the reset state, the reset input pin must be kept at a “L” for more than 8 clock cycles (under nor- 
mal Vcc conditions) {f more time is needed for the crystal oscillator to stabilize, this “L” condition should 
be maintained for the required time 


Input This chip has an internal clock generating circuit To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the Xjy and Xour pins If an external clock is used, the clock 
Output source should be connected to the Xin pin and the Xour pin should be left open. 


Outputs signal consisting of oscillating frequency divided by four 


This signal is output “H” during operation code fetch and is used to control single stepping of programs 


Output 













Output 










Output This signal determines the direction of the data bus It 1s “H” during read and “L” during write 












1/0 Port PO ts an 8-bit |/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output The output structure is CMOS output The low-order bits of the address are output except 
in single-chip mode 


/O Port P1 is an 8-bit I/O port and has basically the same functions as port PO The high-order bits of the 
address are output except in single-chip mode 





Port P2 is an 8-bit I/O port and has basically the same functions as port PO Used as data bus except in 
single-chip mode 















Port P3 ts an 8-bit |/O port and has basically the same functions as port PO Serial 1/O, PWM output, or 
event |/O function can be selected with a program 








Analog input pin for the A-D converter The 64-pin model has three pins and the 84-pin model has eight 
pins They may also be used as digital input pins 





1/O Port P5 ts an 8-bit 1/O port and has basically the same functions as port PO This port functions as an 8-bit 
data bus for the master CPU when slave mode is selected with a program 








Port P6 ts an 8-bit [/O port and has basically the same function as port PO Pins P63 to P67 change to a con- 
1/0 trol bus for the master CPU when slave mode ts selected with a program Pins P69 to P62 may be program- 
med as external interrupt input pins 








Vree Reference voltage Input Reference voltage input pin for A-D and D-A converter This pin is for 64-pin model only 
input 
= < 
ADVrer A-D reference Input Reference voltage input pin for A-D converter This pin is for 84-pin model only 
voltage input 
DAVrer D-A reference Input Reference voltage input pin for D-A converter This pin is for 84-pin model only 
voltage input 


AVss 
AVcc 


WR 


Analog power supply 





Ground level input pin for A-D and D-A converter Same voltage as Vsg Is applied 





Analog power supply 


Read signal 
output 


Write signal 
output 








RESETout 


Reset output 







Power supply input pin for A-D converter This pin ts for 84-pin model only Same voltage as Vcc Is applied 
In the case of the 64-pin model, AVcc is connected to Vcc internally 





Control signal output as active “L” when valid data is read from data bus This pin ts for 84-pin model only 





—_ 


Contro! signal output as active “L” when writing data from data bus to external component This pin ts for 
84-pin model only 





Output Control signal output as active “H” during reset It 1s used as a reset output signal for peripheral compo- 





nents This pin ts for 84-pin model only 
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ABSOLUTE MAXIMUM RATINGS 


Parameter 
Supply voltage 


Input voltage Xj, RESET 
Input voltage PQ 9-P07, P19-P17, P2o-P27, 


Conditions Ratings 














































P39-P37, P49-P47, P59-P5z, 
V; With respect to Vss 
P6o-P67, ADVrer, DAVrer, 
Output transistors are 
Vrer: AVcc ree 
at “off” state 
V; Input voltage CNVss 
Output voltage PQ -P07, P19-P17, P29-P27, 
Vo P39-P37, P59-P57, P6G9-P67, Xout, 
R/W, RD, WR, SYNC, RESETour 
Pq Power dissipation Ta = 250 








Topr Operating temperature 
Storage. temperature 


RECOMMENDED OPERATING CONDITIONS 


(Voc=5V+10%, Ta=—40 to 85°C unless otherwise noted) 


Symbol Parameter Unit 
| Min | Typ | Max ca 










Supp vaags 5 | 55 
Vie “H” input voltage RESET, Xiy, CNVsg (Note 1) ‘| 0. 8Vcc | Voc 


Voc 
Vss 
Vin 
“H” input voltage PQ -P07, P19-P17, P2o-P27, 
Vie ee P49-P47, P5o-P57, 20 Voc Vv 
(expect Note 1) 
Vin “L” input voltage CNVss (Note 1) ae ee : 
“L” input voltage PO 9-P07, P19-P17, P2o-P27, 
Vin P39-P37, P49-P47, P59-P57, 
P69-P67 
(expect Note 1) 
Vie “L” input voltage RESET 7 ae 
— “L” input voltage Xin ae 
“L” peak output current PO -P07, P19-P17, 
P5o-P57, P69-P67 
“L” average output current PO o-P0,, P1o-P1;, 
P50-P57, P69-P67 (Note 2) 
“H” peak output current PQ9-P07, P19-P17, 
P29-P27, P3o-P37, 
P59-P57, P69-P67 




















“H” average output current PQ 9-P07, P1 9-P17, 
loH(avg) P2o-P27, P3o-P37, 75 mA 
P5o-P57, P69-P67 (Note 2) 





f(Xin) Internal clock oscillating frequency PF oy || 10 MHz 


Note 1 : Ports operating as special function pins INT ,-INT3(P69-P6), EV;-EV3(P39-P32), RxD(P3,), 
Scik( P36) | 
2 + lov(avg) and lon(avg) are the average current in 100ms. 
3: The total of lo, of Port PO, P1 and P2 should be 40mA (max ) 
The total of lo. of Port P3, P5, P6, R/W, SYNC, RESETour, RD, WR and ¢ should be 40mA (max ) 
The total of lo of Port PO, P1, and P2 should be 40mA (max ) 
The total of lo of Port P3, P5, P6, R/W, SYNC, RESETour, RD, WR, and ¢ should be 40mA (max ) 
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ELECTRIC CHARACTERISTICS (Vcc=5v+10%, Vss= 0 V, Ta=—40 to 85°C, f(Xiy)=10MHz) 


Parameter Test conditions 





Von “H” output voltage RD, WR, R/W, SYNC, RESETour, ¢ 
“H” output voltage PO -P07, P1o-P17, P29-P27, 
P39-P37, P5o-P57, P69-P67 


Vou 
“L” output voltage PQo-P07, P19-P17, P29-P27, 
VoL P39-P3z, P5o-P 57, P69-P67, lo =2mA 
RD, WR, R/W, SYNC, RESETour, ¢ 





“L” output voltage PQ9-PQ7, P19-P17, P2p9-P27, 


P39-P37, P5o-P57, P6-P67 


Vou 

V y,__| Hysteresis INT;-INT3(P69-P32), EV1-EV3(P39-P32), aan a 
Mas n 

a ‘ RxD(P34), Sorx( P36) unction input leve 


Hysteresis RESET 
Hysteresis Xin 


“L” input current POo-PO7, P19-P17, P29-P27, 

bie P39-P37, P4o-P47, P5o-P5z, 
P69-P67, RESET, Xin 

“H” input current PQ -P07, P19-P17, P29-P27, 

P39-P37, P49-P47, P5o-P5z, 
P69-P67, RESET, Xin 

RAM retention voltage At stop mode 


(Xin) = 10MHz 
| At system operation 
Supply current 


At stop mode 
(Note 1) 











Note 1 : The terminals RD, WR, SYNC, R/W, RESETour, ¢, D-A; and D-A; are all open The other ports, which are in the input mode, are connected to 
Vss A-D converter is in the A-D completion state The current through ADVper and DAVper Is not included (Fig 4) 


A-D CONVERTER CHARACTERISTICS 


(Voc=AVec= 5V+10%, Vss=AVss=0V, Ta =—40 to85T, f(Xin)=10MHz unless otherwise noted) 


Limits 
Symbol Parameter Test conditions 
p 
ae: Resolution 


F Absolute accuracy Voc= AVoc=ADVrer=5V£10% 
Conversion time 
Analog input voltage 
| Vaovner | Reference mputvottage 
Reference input current ADVrer= 5 V 0. 
Analog power supply input voltage 

[Vaves | Analog power supplyinputvotageTSCSC~C~—C—S~C—C‘CS~S~*~SC~*™ 








ii 
< 


L 
on 


N 
Oo |O|N - 
No 

















> 
~ 
| 








o1 


< 
fe) 





D-A CONVERTER CHARACTERISTICS (Voc= 5 V10%, Vss=AVss=0V, Ta =—40 to 85°C unless otherwise noted) 


Parameter Test conditions 


Resolution 
Full scale deviation Voc™= DAVrer=5V 





Output resistance 
Analog power supply input voltage 


Reference input voltage 
Reference power input current (Each pin) 
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TIMING REQUIREMENTS 
Port/single-chip MOde (Vcc=5V+10%, Vss=0V, Ta=—40 to 85°C, unless otherwise noted) 


Port P2 input setup time 
Port P3_ input setup time 
Port P4_ input setup time 
Port P5 input setup time ’ , 
Port P6 input setup time 

Port P1 input hold time 

| thie—p2) | Port P2_ input hold time Fig.1 

Port P5 input hold tme 

to (Xin) External clock input cycle time 


tr(Xin) External clock rising edge time 
te Xin) External clock falling edge time _ 


Limits 
Typ 













Unit 





o;O 
O1oO 


NO 
oO 
oO 










N7_R 
O}O 
O;1;oO 


o) oO 


RO 
oO 
(=) 


8 
oO 
oO 






100 









WW] W 
Oo1o 


, 
© 





Master CPU bus interface timing (R and W separation type mode) 


(Vec=5V+10%, Vss=0V, Ta=—40 to 85°C, unless otherwise noted) 


CS hold time 







Limits 
p 


Test condition Unit 


4 





tsu(cs—r) 
tsu(cs—w) 
thtra—cs) 


CS hold time 


tsu(a—r) AO setup time 
tsu(a—w) AO setup time Fig 2 
thcr—a) AO hold time 


thcw—a) AO hold time 
twcrR) Read pulse width 


twcw) Write pulse width 


—_ 
fe?) hip 
co) O;}O!1oO 


tsu(pb—w) Date input setup time before write 


) Date input hold time after write 















thcw—pb 


Master CPU bus interface timing (R/W type mode) 


(Voc=5V+10%, Vsg=0V, Ta=—40 to 85°C, unless otherwise noted) 


| ; Limits 
Parameter Test condition = 
p 


cs setup time 
CS hold time 
AO setup time 
AO hold time 


Unit 


< 


















th(e—cs) 
tsu(a—E) 
thce—a) 

tsu(RWw—e) R/W_ setup time 





S 
7) 









thce—rRw) R/W hold time 





tw(eL) Enable clock “L” pulse width 
tw( eH) Enable clock “H” pulse width 


tre) 
tf(e) Enable clock falling edge time 


tsu(p—Ee) Data input setup time before write 
thce—pb) Data input hold time after write 









Enable clock rising edge time 













NO1 DN 
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Local bus/memory expansion mode, microprocessor mode 
(Voc=5V10%, Vss=0V, Ta=—40 to 85°C, unless otherwise noted) 


Symbol Parameter Test condition 
Data input setup time 





th(g—p) Data input hold time 
Data input setup time 
thc RD—pb) Data input hold time 
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SWITCHING CHARACTERISTICS 
Port/single-chip MOdE (Vcc=5V+10%, Vss=0V, Ta=—40 to 85°, unless otherwise noted) 


aio aes 

Port P1 data output delay time | T2000 
— ta 
Port P3 data output delay time | 


Port P6 data output delay time Fig.3 aes ee 200 
4000 | ns | 















toi ¢) Cycle time 400 
tw oH) ¢ clock pulse width (“H” level) 190 


¢ clock pulse width (“L” level) 
tro) ¢ clock rising edge time s me eae 
tf) ¢ clock falling edge time EE ae 








Master CPU bus interface (R and W separation type mode) 
(Voc=5V+£10%, Vgs=0V, Ta=—40 to 85°, unless otherwise noted) 


Symbol Parameter Test condition 


Data output enable time after read 
V(R—D) Fig.4 
Proy output transmission time after write 





ela ee | Min | 
Data output enable time after read P| 
Data output disable time after read Fig 4 












Proy output transmisston time after E clock 


Local bus/memory expansion mode, microprocessor mode 
(Voc=5V+10%, Vss=0V, Ta=—40 to 85°C, unless otherwise noted) 


td(g—a) Address delay time after ¢ 
tvi¢—a) Address effective time after ¢ 
tvcRD—a~) Address effective time after RD 


Address effective time after WR 


R/W delay time after ¢ 
td(¢—sync) | SYNC delay time after ¢ 


tw(rRb) RD pulse width 


WR pulse width 
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TEST CONDITION 


Input voltage level > Vj, 2.4V 
Vie 0. 45V 
Output test level > Voy 2.0V 


Vor 0.8V 





Fig. 1 Test circuit in Fig. 2 Master CPU bus interface Fig. 3 Local bus test circuit 
single-chip mode test circuit 


loc 
(test point) 


Vcc other power 
AVcc supply 
=, 


ADVrer 
DAVrer 


D-A1 
D-A2 


RD 
WR 
R/W 
SYNC 
RESETourt 


¢ 


Xout 





Fig. 4 loc (at stop mode) test condition 
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N 


TIMING DIAGRAM 


Port/single-chip mode timing diagram 


toon) twOxiyH) twOxiyL) 






tOxy) tron) 


toi) 


y 2.0 2.0 2.0 
0.8 0.8 
tw(¢H) Aires 
tsu(piIp—¢) 
Port P! input _ 


\ 2.4 \ 

0. 45 0. 45 
Port Pt output 2.0 
0.8 






td(¢—pip) th(¢—prp) 


Note : Vin=0. 8Vcc, ViL=0. 16Voc of Xin 


Master CPU bus interface/ R and W separation type timing diagram 
Read 


AO 


tsu(cs—r) thir—cs) 





twir) 


-_ 2.0 
DEO Oe ae cele 


ta(r—p) 


2 
ho 
a 
nh 
a 


2.0 
y, 
0.8 


ty(R—p) 





20 


Proy 


=| tpLH(R—pR) 
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AO 


=| 


DB o-DB; 


Pr DY 





tsu(a—w) thiw—a) 
2.4 2.4 | 
fos | S| 


tsu(cs—w) thiw—cs) 
0. 45 s 0. 45 








Master CPU interface/ R/W type timing diagram 





tw(eL) tw(eH) 








E 
0. 45 j ; 0. 45 
tfE) 
tsu(a—e) te 
(E—A) 
Pe 
al ID: 
R/W 0. 45 
thie—cs) a 
cs 
0. 45 |, 0. 45 
read i 
7; 
DB,-DB 2 
sala ta(e—p) zie 
7: V(E—D) 
tsu(p—e) th 
(E~D) 
write ie 
ie iB: 
DBo-DB;7 
20 
Proy 
| teLH(—E—PR) | 
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Local bus timing diagram 


toi) 


tw(¢H) tw(¢L) 


td(¢—rw) i ; 
- trig) 
R/W 
ee aan ae 
SYNC 


nD 


te oe 
Do-D 
s {—__} 


CPU read 


tdi¢—p) ie 
Vi¢—-D 


Do-D7 
CPU write 


y 


— 
CP 


tw(rp) 


Le ty(rRD—A) 








tsu(D—RD) 
, thirp—p) 
Do-Dz ‘ 
twiwr) 
tyvcwr—a) 
WR 
td(wr—p) ty 
v(WR—-D 


CPU write 
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DESCRIPTION 

The M37451M4DXXXSP/FP is a single-chip microcomputer 
designed with CMOS sillicon gate technology. It is housed 
in a 64-pin shrink plastic molded DIP or an 80-pin plastic 
molded QFP (0.8mm-pitch). 

In addition to its simple instruction sets, the ROM, RAM, 
and |/O addresses are placed on the same memory map to 
enable easy programming. 

It is suited for office automation equipment and control de- 
vices. The low power consumption made by the. use of a 
CMOS process makes it especially suitable for battery po- 
wered devices requiring low power consumption. It also 
has a unique feature that enables it to be used as a slave 
microcomputer. 

Apart from the expansion in operating temperature range 
and consequent differences in electrical characteristics 
(Note), functions are the same as those of the M37451M4- 
XXXSP/FP. 

The differences between the M37451M4DXXXSP/FP and 
M37451M8DXXXSP/FP are as shown below. 


[Typename [| -AOMaze + —~RAM ae —_—*i 
M37451M4DXXXSP/FP 8192 bytes 256 bytes 
M37451M8DXXXSP/FP 16384 bytes 384 bytes 


The number of analog input pins for the 80-pin model (FP 
version) is different from the 64-pin model (SP version) In 
addition, the 80-pin model has special pins for RD, WR, 
RESEToyt, DAVrer, ADVrer, AVcc and the 64-pin model 
has a special Vrer pin. 
Note : The maximum value of supply current is 20mA. 
All other values are the same as that of M37451M4- 
XXXSP/FP. 






FEATURES 

e@ Number of basic instructions peer e me se ee rer reserves easrecnesences 71 
69 MELPS 740 basic instructions +2 multiply/divide 
instructions 

@ Instruction execution time 


(minimum instructions at 12.5MHz frequency) --:---: 0.64us 

@ Single power supply see c etme nena newness nneeseaseessenes 5V+10% 
@ Power dissipation normal operation mode 

(at 12.5MHz frequency) Suictmeeal bysarcsied ame mates tose se 40mW 

@ Subroutine nesting 96 levels max. 

®@ Interrupt ee Oe eee eT eT eee CeCe eT CC EET ee her 15 events 

@ Master CPU interface - ccccr rect t er 1 byte 

@ 16-bit timer eee m mercer nes m carne err e reser ees e cess see eeseenseesseesssese 3 

@® 8-bit timer (Serial 1/O use) india anid che eite ieGidacom nate and ste eOoaewes 1 

@ Serial 1/O (UART or clock synchronous) *--+-+-7-> +*+777- 1 

@ A-D converter (8-bit resolution) -------- 3 channels (DIP) 

8 channels (QFP) 

@ D-A converter (8-bit resolution) -------- 2 channels 

@ PWM output with 8-bit prescaler 


(Either resolution 8 bit or 16 bit is software selectable) --- 1 
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PIN CONFIGURATION (TOP VIEW) 


P36/Scik - 
P3;/TxD +> 
P3,/RxD ad 


P33/PWMourt 


Read/Write 


P3,/EV3 +> 
P3,/EV2 +> 
P39/EV, + 
P5,/DB, + 
P5,/DBe > 
P5,/DBs 
P5,/DB, 
P5,/DB3 + 
P5,/DB, > 
P5,/DB, > 
P5o/DBo +> 
P6,/W + 
P6,/R 
P6,/CS + 
P6,/A0 
P63/Proy ** 
P6,/INT3 +> 
P6,;/INT2 + 
P6/INT; 
R/W <— 


dSXXXA8WLSPZEW 


dSXXXGPWILSPLEW 


Voc 
AV 


— Vrer 


— D-A, 
— D-A, 


— P4o/ANo 
+ P4,/AN, 
— P4,/AN> 
+> P0o/Ag 
> P0,/A, 
+> P0./A> 
+> P0s/Ag 
> PO4/A, 
> P0s/As 
> P06/Ag 
+> P0,/Az 


> P13/Ai; 
> P14/Ay2 
> P15/Ai3 
> P16/Ar4 
> P17/Ays 
++ P2,/Do 


ss 
Reference voltage 


input 
D-A output 


Input port P4 


1/O port PO 


’ 


1/O port P1 


status output 
Synchronous 
signal output 


SYNC + 
CNVss—> 


RESET — 


+> P2,/D, 
++ P2,/D> 
+> P2,/D3 
+> P2,/D, 
+> P2;/Ds 
+> P2./Dg 


Reset input 
I/O port P2 
Clock input P 
Clock output 


Timing output 


+> Pio/Ag 
+> P14/Ag 
+ P15/Aio 


Outline 64P4B 





@ Programmable I/O ports 


(Ports PO, P1, P2, P38, P5, P6) Bi eu he views ae cRNA Vee Sas « 48 
@ Input port (Port P4) ccc 3(DIP), 8(QFP) 
@ Output ports (Ports D-A;, D-Ag) cies D) 
e Operating temperature acess eeeneeeeneeereereasace —40 to 85C 
APPLICATION 


Industrial machinery 
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PIN CONFIGURATION (TOP VIEW) 


P49/ANo 
D-A2 
D-A; 
DAVrerF 
ADVrer 
AVss 

AVcc M37451M4DXXXFP 

Voc or 

Vss 

P37/Srpy M37451M8DXXXFP 
P36/Sc.ik 
P35/TxD 
P34/RxD 
P33/PWMout 
P32/EV3 
NC 


ine) 
> 


RESETour “— 


Outline 80P6N NC : No connection 
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FEATURES : 
®@ Differences with the M37450M2-XXXSP, M37450M4- 


XXXSP and M37450M8-XXXSP are: 


DESCRIPTION 
The M37450PSS is an EPROM mounted-type micro- 
computer employing a silicon gate CMOS process and was 


designed for developing programs for single-chip, 8-bit mi- (1) ROMless, EPROM is attached externally. 
crocomputers M37450M2-XXXSP, M37450M4-XXXSP_ and (2) Suitable EPROM is M5M27C256K-12, M5M27C256K 
M37450M8-XXXSP. The M37450PSS, being housed in a -15. 


piggyback-type 64-pin shrink DIP, is compatible with the 


M37450M2-XXXSP, M37450M4-XXXSP and M37450M8- APPLICATION 


XXXSP. Development of programs for the following systems; 

There is a 28-pin socket on the upper surface so that the @ Slave controller for PPCs, facsimiles, and page printers 
MSM27C256K-12 or the M5M27C256K-15 EPROM may be @ HDD, optical disk, inverter, and industrial motor control- 
used. lers 


The M37450PSS simplifies the development of programs @ Industrial robots and machines 


for the M37450M2-XXXSP, M37450M4-XXXSP and M37450 
M8-XXXSP and is excellent for making prototypes. 


PIN CONFIGURATION (TOP VIEW) 


P37/Sroy Voc 

P36/Scik AVss 
P3,/T,,D <> ace 
P3,/R,D — D-A, 

P33/PWMour =i Deks 

P32/EV3 > — P4,/ANo 
P3,/EV2<> — P4,/AN, 
P3)/EV, — P4,/AN> 
P5,/DB, +> Ais Dt FE} + PO5/Ap 
P5¢/DBg > As @| [Bl Pov 
P5;/DBs > \ +> PQ./A2 


Reference voltage input 
28-pin socket for EPROM 


D-A output 
1/0 port P3 


aa NN. 
ea NS ee ee 4 
e@ Wee Vic @| Input port P 
| @ Arz2 
i 

ae 


P5,/DB, > 
P53/DBy > 
P5,/DB, > 
P5,/DB, > 
P5,/DBy ++ 

P6,/W +> 


1/O port P5 


P64/Ap +> 


1/0 port P6 P63/Papy 7 


P60/INT, > 
Read/Write status output R/W — 
Synchronous signal output 


Reset input 

Clock input 

‘Clock output 
_Timing output 


ad 
As @) 
An @| 
Vss @ ! 


dro © | 


Vss 


D7 
Dg 


Ds 


M37450PSS 


Outline 64S1M 
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> P03/A3 
> P0,/A, 
+> P0s/As 
+> P0¢/Ag 
> P0,/A; 
> P1o/As 
> P14/Ag 
> P15/Arg 
> P15/A44 
> P14/Ayp 
> P15/Ai3 
> P16/Ar4 
> P17/A4s 
+> P29/Do 
> P2,/D, 
> P2,/Ds 
+> P23/D3 
+> P24/D, 
+> P2./Ds 
++ P2,/Dg 
+> P2,/D, 


1/O port PO 


1/O port P1 


I/O port P2 


The symbol “©” indicates sockets for EPROM 
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PIN DESCRIPTION 


Input/ ; 
Pin Name Functions 
Output 
Vcc; Supply voltage Power supply inputs 5V+10% to Vcc and OV to Vsg 
Vss 


C N Vss CNVss 





Controls the processor mode of the chip Normally connected to Vss or Vcc 


mal Vec conditions) 





If more time is needed for the crystal oscillator to stabillize, this “L” condition should be maintained for the 
required time 


RESET Reset input Input To enter the reset state, the reset input pin must be kept at a “L” for more than 8 clock cycles (under nor- 


Lo Timing output Output Outputs signal consisting of oscillating frequency divided by four 

















X Clock input Input These are I/O pins of internal clock generating circuit for main clock To control generating frequency, an 
——— Se —— external ceramic or a quartz crystal oscillator 1s connected between the Xiy and Xour pins If an external 
Xout 


Clock output Output clock Is used, the clock source should be connected to the Xn pin and the Xour pin should be left open 












































SYNC Synchronous signal Output This signal is output “H” during operation code fetch and ts used to control single stepping of programs 
output 
eee Ea oes Soe 


IN 
R/W 


POQ,-P0O,7 













VREF 
input 


AVss 


P4)-P4. Input port P4 


1/O port P5 
I/O port P6 
D-A output 
Refference voltage 


Analog power supply 








Read/Write Output This signal determines the direction of the data bus It 1s “H” during read and “L” during write 
status output 











1/O port PO 1/0 Port PO 1s an 8-bit 1/O port with directional registers allowing each !/O bit to be individually programed as 


input or output The output structure is CMOS output The low-order bits of the address are output except 
In single-chip mode 





I/O port PI 1/O Port Pi is an 8-bit 1/O port and has basically the same function as port PO The high-order bits of the 


address are output except in single-chip mode 


I/O port P2 1/0 Port P2 is an 8-bit |/O port and has basically the same function as PO Used as data bus except in single- 
chip mode 
1/0 port P3 1/O Port P3 is an 8-bit I/O port and has basically the same function as PO Serial 1/O, PWM output, or even 1/O 


function can be selected with a program 

















Analog input pin for the A-D converter They may also be used as digital input pins 


_ a . 














Port P5 is an 8-bit |1/O port and has basically the same function as PO This port functions as an 8-bit data 
bus for the master CPU when slave mode ts selected with a program 















Port P6 ts an 8-bit I/O port and has basically the same function as PO. Pins P63 to P67 change to control bus 
for the master CPU when siave mode is selected with a program Pins P69 to P62 may be programed as 
external interrupt input pins 











Analog signal from D-A converter is output 













Input 





Reference voltage input pin for A-D and D-A converter 








Ground level input pin for A-D and D-A converter 





Output port A Output Port A outputs the adresses to the EPROM mounted on the top of the package 





Input port D Input Port D takes the input data from the EPROM mounted on the top of the package 
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EXPLANATION OF FUNCTION BLOCK 


OPERATION 
The differences between the M37450PSS and the M37450M2 


-XXXSP, M37450M4-XXXSP and M37450M8-XXXSP are ex- 
plained below. As all other points are the same, only the 
differences are explained. 


RAM 
(192 bytes) 


disabled 


RAM 
(256 bytes) 


MEMORY 
instead of an internal ROM, an EPROM is mounted. The 


addresses of EPROM are 8000,¢ to FFFFi.6, having 32K 
bytes. Internal RAMs are provided from 0000;¢ to OOBFi¢ 
(192 bytes) and from 01001, to O1F Fi, (256 bytes) for a 
total of 448 bytes. However, the 64-byte area from 01C0j. 
to 01FF,, cannot be used when creating masked ROM. The 
rest of the functions are equivalent to the M37450M2- 
XXXSP, M37450M4-XXXSP and M37450M8-XXXSP 


Zero page 


External ROM 
(32K bytes) 





Special 
page 


Interrupt vector area 


Fig. 1 Memory map 
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Port PO register 
Port PO directional register 
P 





00D14¢ 
00D2;¢ 
00D3:¢ 
00D4,, 
00D5i¢ 
00D64¢ 
00D7i¢ 
00D84¢ 
00D9i¢ 
OODAig 
OODBie 
00DCi¢ 
00DDi¢ 
OODE 1. 
OODF i, 
00E0:6 
00E14¢ 
00E24¢ 
00E3;¢ 
00E4,¢ 
00E5i¢ 
00E6 1, 
00E746 


00E9,, 
O0EAi6 
00EB,, 
O0ECi. 
O0EDi¢ 
O0EE;. 
O0EF 16 
O00F04, 
O0F 116 
O0F 216 
00F34¢ 
00F 41, 
O0F5i¢ 
O00F 646 
OOF7i6 
O0F81, 
00F94, 
OOFAi6 
OOFBi 
00FCi, 
OOFD 6 
OOFE1, 
OOFF 6 


: 
-byte) 
Timer 1 latch (lower-byte) 


D-A2 register 


A-D register 


t 

























( 



















Fig. 2 SFR (Special Function Register) memory map 
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PROCESSOR MODE PRECAUTION FOR USE 

External memory area differs from the M37450M2-XXXSP, (1) Program area 

M37450M4-XXXSP and M37450M8-XXXSP. When developing programs on the M387450PSS, the 
Figure 3 shows the external memory area when the ROM and RAM sizes of the M37450M2-XXXSP, 
M37450PSS is in the memory expanding mode and Fig. 4 M37450M4-XXXSP, and M37450M8-XXXSP must be 
shows the external memory area when the M37450PSS is in considered. 

the microprocessor mode. For the M37450M2-XXXSP, use the M37450PSS ROM 


program area from F000,, to FFFF;.. (Write the prog- 
ram from 7000,, to 7FFF;, on the EPROM.) 
Also, when creating masked ROMs, note that the RAM 
area for the M37450M2-XXXSP is 128 bytes from 
0000,, to 007F 46. 
For the M37450M4-XXXSP, use the M37450PSS ROM 
program area from E000;,¢ to FFFFi.. (Write the prog- 
ram from 6000,, to 7FFF;, on the EPROM.) 
Also, when creating masked ROMs, note that the RAM 
area for the M37450M4-XXXSP is 192 bytes from 
0000,, to OOBF,, and 64 bytes from 0100;,¢ to 013F 4. for 
a total of 256 bytes. 
For the M37450M8-XXXSP, use the M37450PSS ROM 
program area from C000, to FFFFi.. (Write the prog- 
ram from 4000,,¢ to 7FFFi, on the EPROM.) 
Also, when creating masked ROMs, note that the RAM 
area for the M37450M8-XXXSP is 192 bytes from 
0000,, to OOBF,, and 192 bytes from 0100,, to O1BF i. 
for a total of 384 bytes. 
The 64 byte area from 01C0;,¢ to O1FFig can also be 
used as internal RAM. However, it cannot be used 
when creating masked ROMs because there is no cor- 
responding device 

(2) External memory 
When developing programs, note that the external 
memory area of the M37450PSS is as described in the 
previous section. 


External EPROM 


Hatching indicates external memory area 





Fig.3 Memory map in memory expanding mode 


Internal RAM 


Hatching indicates external memory area 





Fig. 4 Memory map in memory expanding mode 
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ABSOLUTE MAXIMUM RATINGS 





Symbol 





—0.3 to7 
—0.3 to 7 


are 
aeaeat <5 
236 





















Supply voitage i 
Input voltage RESET, Xin 
Input voltage, PO9-P07, P19-P17, P29-P27, 
P39-P37, P49-P47, P59-P5z, 
P6o-P67, Varr 
Input voltage CNVss 
Output voltage, PO -P07, P19-P17, P29-P27, 
P39-P37, P5o-P57, P6o-P67, 
Xour, ¢, R/W, SYNC 


Vcc 














With respect to Vss 












Output transistors are at “OFF” state 





V 
Vo. 
Vv 
















—0. 3 to Veo+0. 3 


oO 







Power dissipation Ta=25C mW 
Tace, v | Oseraunglerpersiure Le eae ee ee =10 to 70 c 


Tstg 


[Storage temperature 0 to 125 


RECOMMENDED OPERATING CONDITIONS (Vec = 5V+10%, Ta = —10 to 70°C, unless otherwise noted) 


Limits 
Parameter 





Supply voltage 


Supply voltage 
“H” input voltage RESET, Xin, CNVsg_ (Note1) 


“H” input voltage PO -P07, P19-P17, P29-P27, 
P39-P37, P49-P47, P59-P57, 
P69-P67 (except Note1) 
“L” input voltage CNVsg_ (Note1) 


“L” input voltage POg-P07, P1o-P17, P29-P2z, 
P39-P37, P4o-P47, P59-P57, 
P6o-P67 (except Note1) 








“L” input voltage RESET 


DeWiB. = . | “L” input voltage Xin 


“L” peak output current POo-P07, P1o-P17, P29-P27, 


| 
OoL( peak) P39-P37, P59-P57, P6o-P67 


“L” average output current PQ -P07, P19-P17, 
lor(avg) P2o-P27, P3o-P3z, 
P59-P57, P6 -P67 (Note2) 


Voc 

Vss 

Vin 

Vin 

Vie 

Vit 

Vit 

Vi 

“H” peak output current POQ9-P07, P19-P17, P2o-P27, 
OH(peak) P39-P37, P5g-P57, P69-P67 

“H” average output current POo-P07, P1lo-P17, 


lon(avg) P2o-P27, P3o-P3z, 
P5o-P57, P6-P67 (Note2) 


f(Xin) Clock oscillating frequency 


Note 1 : Ports operate as INT,-INT3(P69-P62), EV;-EV3(P39-P3.), RxD(P3,)and Soi (P36) 
2 : The average output current lon(avg) aNd lo.(avg) are the average value during a 100ms 
3 + The total of “L” output loi(peak) of port PO, P1 and P2 is 40mA max 
The total of “H” output lou(peak) of port PO, P1 and P2 is 40mA max 
The total of “L” output lo.(peak) Of port P3, P5, P6, R/W, SYNC and ¢ Is 40mA max 
The total of “H” output lon(peak) Of port P3, PS, P6, R/W, SYNC and ¢ is 40mA max 
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ELECTRICAL CHARACTERISTICS (Vec = 5V+10%, Vsg = OV, Tq = —10 to 70, f( Xin) = 10MHz, unless otherwise noted) 


Von “H” output R/W, SYNC, ¢ lon=—2mA 
“H” output voltage PQ9-P07, P19-P17, P29-P27, 
P39-P37, P5o-P57, P6p-P67 
“L” output voltage PO9-P07, P19-P17, P2o-P2z, 
Voi P39-P37, P5o-P57, P6p-P6, 
R/W, SYNC, ¢ 


“L” output voltage PO -P07, P19-P17, P29-P27, 
P39-P37, P59-P57, P69-P67 . 
~Hysterisis INT,-INT3(P69-P62), EV1-EV3(P39-P32), 
Vr+—Vr— abate ava Function input level 0.3 V 
RxD(P3,), Scix( P35) 


a 


Vr+—Vr— | Hysterisis Xin 
“L” Input current POQ9-P07, P19-P17, P29-P27, 
lie P39-P37, P4p-P47, P5o-P5z, 
P6-P67, RESET, Xin 
“H” Input current PO 9-P07, P19-P17, P29-P27, 
P39-P37, P49-P47, P5o-P57, 
P6-P67, RESET, Xin 
RAM retention voltage At stop mode 


Vou 














At system operation 
f(Xin) =10MHz(Note 1) 


Note 1 : Only for M37450PSS (not contact in EPROM dissipation current) 


Supply current 








A-D CONVERTER CHARACTERISTICS (Vec =5V, Vss = AVss = OV, Ta = 25, f( Xin) = 10MHz, unless otherwise noted) 


Limits 
Symbol Parameter Test conditions 


Resolution 
Absolute accuracy Voc= Vrer=). 12V 


tconv Conversion time 


livRer 
Vavss Analog power input 
















Symbol 


Parameter Test conditions 
Min Typ 


Resolution eee es ee =e 
Absolute accuracy Voc=Vrer=5. 12V ae Ge 

eatin ee 
Output resistance 1 2 

VvREF Analog power input 4 waa ke ee ee 

[| Reference power input current (Eachpn) | CE || mA_ 
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DESCRIPTION 
The M37450PFS 


is an EPROM mounted-type micro- 
computer employing a silicon gate CMOS process and was 
designed for developing programs for single-chip, 8-bit 
microcomputers M37450M2-XXXFP, M37450M4-XXXFP and (2) 
M37450M8-XXXFP. The M37450PFS, being housed in a 


FEATURES 


piggyback-type 80-pin plastic QFP is compatible with the 


M37450M2-XXXFP, M37450M4-XXXFP and M37450M8- 
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@ Difference with the M37450M2-XXXFP, M37450M4- 
XXXFP and M37450M8-XXXFP is: 
(1) ROMless, EPROM is attached externally. 

Suitable EPROM is that the outline is LCC-32C-A01 

and 27C256 


Development of programs for the following systems: 


XXXFP. 

There is a 32-pin socket on the upper surface so that the @ 
outline is LCC-32C-A01 and 27C256 EPROM may be used. @ 

The M37450PSS simplifies the development of programs lers 


for the M37450M2-XXXFP, M37450M4-XXXFP and M37450 e 
M8-XXXFP and is excellent for making prototypes. 


PIN CONFIGURATION (TOP VIEW) 


3-148 


1/O port P3 


1/O port PS 


I/O port P6 


Write status output 

Read status output 
Read/write status output 
Synchronous signal output 


| P3,/EV2 + [2 
P3/EV, + 
P5,7/DB, ++ [4] 
P5./DBg > 
P5,;/DBs + 6 | 
P5,/DB, ++ 


P5,/DB, + U2 
P5o/DBo + [11] 


P62/INT3 + 
P6,/INT>» as 18 
P6o/INT; + U9 
WR + 

RD + 
R/W — 
SYNC + 


Reset out RESETour + [24] 


Reset input 


I/O port P3 
input 


Reference voltage 


IS] ++ P35/TxD 
La] +> P36/Scik 
Fo es P37/Srpy 
Vss 
Voc 
AVcc 
AVss 
'B) + ADVrer 
rR] + P4o/ANpo Input port P4 


= 
@ 
N 
. 
Or 
o) 
U 
“Tl 
n” 


+ [2] 
8 
ho 


Vss 
P27/D7 ++ a 


Xin — Le | 


Clock output Xourt + [3] 
NC 
P26/De ++ (S| 
P25/Ds ++ [& 
P2,4/D4 «> 8 
P23/D3 +> (3 
P29/Do sf | 
P2,/D, aad 3 | 
P2o/Do ++ [3] 


Clock input 
Timing output 


1/O port P2 


Outline 80S6M 


of MiTSUBISH 
ELECTRIC 


64} — P4,/AN, 


2 
| 


3 


+ P4,/AN> 
— P4,/AN3 
— P4,/AN, 
— P45/ANs 
+ P4./ANg 


— P4,/AN7 


+> P0)/Ao 
+ P0,/A, 


+ PO,/ Ao 
+> P03/A3 
> P04/A, 


+> P0s/As 
> P06/Ag 
+> P0,/A; 


+> P15/Ag 
++ P1,/Ag 
+ P1o/Aro 


+ P13/A,,; 

> P14/Ay2 

+ P15/A43 

+ Pl6/Ay4 

+ P17/Ais5 
NC 





Industrial robots and machines 


Input port P4 


I/O port PO 


1/O port P41 


Slave controller for PPCs, facsimiles, and page printers 
HDD, optical disk, inverter, and industrial motor control- 


The symbol “©” indicates socket for EPROM 


NC : Nq@ Connection j 
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Input/ 
Functio 


Power supply inputs 5V+10% to Voc and OV to Vsg 





PIN DESCRIPTION 









Supply voltage 


- : 


Clock input Input 
Timing output Output Outputs signal consisting of oscillating frequency divided by four 


SYNC Synchronous signal Output 
output 
Read/Write 


status output 


Controls the processor mode of the chip Normally connected to Vsg or Voc 





To enter the reset state, the reset input pin must be kept at a “L” for more than 8 clock cycles (under nor- 
mal Vcc conditions) 

If more time is needed for the crystal oscillator to stabilize, this “L” condition should be maintained for the 
required time 






These are |/O pins of internal clock generating circuit for main clock To control generating frequency, an 


external ceramic or a quartz crystal oscillator is connected between the Xin and Xour pins If an external 
clock ts used, the clock source should be connected to the Xjy pin and the Xour pin should be left open 










This signal is output “H” during operation code fetch and ts used to control single stepping of programs 








Output This signal determines the direction of the data bus It is “H” during read and “L” during write 






















PQ -P07 1/0 port PO 1/0 Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programed as 
Input or output The output structure is CMOS output The low-order bits of the address are output except 
In single-chip mode 

P19-P17 1/O port P1 /O0 Port P1 is an 8-bit 1/O port and has basically the same function as port PO The high-order bits of the 
address are output except in single-chip mode 

P29-P27 1/0 port P2 1/0 Port P2 is an 8-bit I/O port and has basically the same function as PO Used as data bus except in single- 
chip mode 

P39-P37 1/O port P3 1/0 Port P3 is an 8-bit 1/O port and has basically the same function as PO Seria! 1/O, PWM output, or even I/O 
function can be selected with a program 








P4)-P4,; Input port P4 Input Analog tnput pin for the A-D converter They may also be used as digital input pins 
P5,-P57 I/O port P5 1/0 Port P5 ts an 8-bit I/O port and has basically the same function as PO This port functions as an 8-bit data 
bus for the master CPU when slave mode ts selected with a program 
P69-P67 1/O port P6 ‘ 1/O Port P6 is an 8-bit 1/O port and has basically the same function as PO Pins P63 to P67 change to control bus 
for the master CPU when slave mode ts selected with a program Pins P69 to P62 may be programed as 
: external interrupt input pins 
D-A,, D-Az | D-A output ~ Output Analog signal from D-A converter Is output 
ADVreer A-D refference 
voltage input 
DAVrer D-A refference 
voltage input 
Analog power supply 
Analog power supply 
RD 


Read signal output 
WwW Write signal output ° 
A 














Reference voltage input pin for A-D converter 


Input 


Reference voltage input pin for D-A converter 





Ground level input pin for A-D and D-A converter 
Power supply input pin for A-D converter 


Output Control signal output as active “L” when vailed data is read from data bus 








Output Control signal output as active “L” when writing data from data bus to external component 





Output Control signal output as active “H” during reset It is used as a reset output signal for perpheral compo- 


nents 


RESET out Reset output 


R 





Output Port A outputs the adresses to the EPROM mounted on the top of the package 








Port D takes the input data from the EPROM mounted on the top of the package 
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EXPLANATION OF FUNCTION BLOCK MEMORY 

OPERATION Instead of an internal ROM, an EPROM is mounted. The 
The differences between the M37450PFS and the M37450M2- addresses of EPROM are 8000,, to FFFFi., having 32K bytes. 
XXXFP, M37450M4-XXXFP and M37450M8-XXXFP are ex- Internal RAMs are provided from 0000;¢ to OOBFig (192 bytes) 
plained below. As all other points are the same, only the differ- and from 0100;¢ to 01FF;,_ (256 bytes) for a total of 448 bytes. 
ences are explained. However, the 64-byte area from 01C0,, to 01FFy. cannot be 


used when creating masked ROM. The rest of the functions are 
equivalent to the M37450M2-XXXFP, M37450M4-XXXFP_ and 
M37450M8-XXXFP. ) 


RAM 
(192 bytes) 
Zero page 
Not used 


RAM 
(256 bytes) 





disabled 


Not used 


External ROM | 
(32K bytes) 
Special 
page 


Interrupt vector area 





Fig. 1 Memory map 
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[pon P9 arecional register 
wiseae CS 














) 
Timer 2 latch (higher-byte) 
) 





Fig. 2 SFR (Special Function Register) memory map 
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PROCESSOR MODE 

External memory area differs from the M37450M2-XXXFP, 
M37450M4-XXXFP and M37450M8-XXXFP. 

Figure 3 shows the external memory area when _ the 
M37450PFS is in the memory expanding mode and Figure 4 
shows the external memory area when the M37450PFS is in the 
microprocessor mode. 


Internal RAM 
Internal RAM 


External EPROM 











PRECAUTION FOR USE 


(1) 


Program area 

When developing programs on the M37450PFS, the ROM 
and sizes of the M3/7450M2-XXXFP, M37450M4-XXXFP, 
and M37450M8-XXXFP must be considered. 

For the M37450M2-XXXFP, use the M37450PFS ROM 
program area from FO00;, to FFFF1.. (Write the program 
from 7000, to 7FFFi¢ on the EPROM.) 

Also, when creating masked ROMs, note that the RAM 
area for the M37450M2-XXXFP is 128 bytes from 0000;¢ to 
0007 Fi. 

For the M37450M4-XXXFP, use the M37450PFS ROM 
program area from E000;, to FFFFi.. (Write the program 
from 6000, to 7FFF,. on the EPROM.) 

Also, when creating masked ROMs, note that the RAM 
area for the M37450M4-XXXFP is 192 bytes from 0000;, to 
OOBF,, and 64 bytes from 0100;, to 013F,, for a total of 
256 bytes. 

For the M37450M8-XXXFP, use the M37450PFS ROM 
program area from C000,¢ to FFFF,.5. (Write the program 
from 4000, to 7FFFy¢ on the EPROM.) 

Also, when creating masked ROMs, note that the RAM 
area for the M37450M8-XXXFP is 192 bytes from 0000;, to 
OOBF,, and 192 bytes from 0100,, to 01BF,, for a total of 
384 bytes. 

The 64 byte area from 01C0;,_ to 01FF;,_ can also be used 
as internal RAM. However, it cannot be used when creat- 
ing masked ROMs because there is no corresponding 
device. 

External memory 





(2) 
When developing programs, note that the external memory 
area of the M37450PFS is as described in the previous 
section. 
nether GAM (3) EPROM orientation 
Figure 5 shows the orientation when mountting the. LCC 
ee ed type EPROM on the M37450PFS. Insert the EPROM firmily 
Internal RAM 
Hatching indicates external memory area 
Fig. 4 Memory map in microprocessor mode 
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M37450PFS 


on the package 


"Index on the socket 





Fig.5 EPROM orientation 
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ABSOLUTE MAXIMUM RATINGS 


Supply voltage 
Input voltage RESET, Xin 


Input voitage, PQo-P07, P19-P17, P29-P27, 
P39-P37, P4o-P47, P5o-P57, 
P6o-P67, ADVare, DAVerrr, AVoc 
Input voltage CNVss 
Output voltage, PO 9-P07, P19-P17, P29-P2;, 
P39-P37, P59-P57, P69-P67, 
Xour, ¢, RD, WR, RESETour, SYNC 
Power dissipation 


With respect to Vss 
Output transistors are at “OFF” state 








Operating temperature 


Storage temperature 








“H” input voltage P09-P07, P19-P17, P29-P27, 
P3-P37, P4y-P47, P5g-P5r, 
P69-P67 (except Note) 


Vie “L” input voltage CNVsg_ (Note) 30% | 


“L” input voltage PQ 9-P07, P19-P17, P29-P27, 
P39-P37, P49-P47, P5o-P57, 

P69-P67 

“L” input voltage RESET 
“L” input voltage Xin 
“L” peak output current POQo-P07, P19-P17, P29-P27, 
P39-P37, P59-P57, P69-P67 
“L” average output current PO -P0;, P19-P17, 
P29-P27, P39-P3z, 5 mA 

P5o-P57, P6o-P67 (Note2) 














(except Note1) 




































“H” average output current P09-P07, P19-P17, 
P29-P27, P39-P37, 
P59-P57, P69-P67 (Note2) 







Note 1 : Ports operate as INT,-INT3(P69-P6.), EV;-EV3(P39-P32), RxD(P3,)and Soix( P36.) 

2 : The average output current lon(avg) and lor(avg) are the average value during a 100ms 

3: The total of “L” output lo.(peak) Of port PO, P1 and P2 is 40mA max 
The total of “H” output lon(peak) of port PO, P1 and P2 is 40mA max. oe 
The total of “L” output lo.(peak) Of port P3, P5, P6, R/W, SYNC, RESETour, RD, WR and ¢ is 
40mA max. 
The total of “H” output lou(peak) Of port P3, P5, P6, R/W, SYNC, RESETour, RD, WR and ¢ Is 
40mA max 
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ELECTRICAL CHARACTERISTICS (Vec = 5V#10%, Vsg = OV, Ta = —10 to 70, (Xin) = 10MHz, unless otherwise noted) 


Parameter Test conditions Unit 
teem ae me] 
Veo 


Von | “H” output RD, WR, SYNC, RESETour, 6 | lon —2MA Vcc OE 
P39-P37, P59-P57, P69-P67 
“L” output voltage PO o-P07, P19-P17, P29-P27, 
Voi P3o9-P37, P59-P57, P69-P6r, lop=2mA 
R/W, RD, WR, SYNC, RESETour, ¢ 
“L” output voltage PQ 9-P07, P19-P17, P29-P27, 
P3o9-P37, P59-P57, P69-P67 
Hysterisis INT-INT3(P69-P62), EV}-EV3(P39-P32), 
RxD( P34), Scix(P3¢) 
Hysterisis RESET 
Hysterisis Xiy 
“L” Input current PQ9-PO7, P19-P17, P29-P27, 
P39-P37, P49-P47, P59-P57, 
P6p-P67, RESET, Xin 
“H” Input current PQ -P07, P19-P17, P29-P27, 
P39-P37, P49-P47, P5o-P57, 
P6-P67, RESET, Xin 
At system operation 
f( Xin) =10MHz( Note 1) 


Note 1 : Only for M37450PFS (not contact in EPROM dissipation current) 


Function input level 

















loc Supply current 








A-D CONVERTER CHARACTERISTICS (Vec=AVcc=5V, Vss=AVss=0V, Ta=25C, (Xin) =10MHz, tices otherwise noted) 


| | Resolution 
| = — _| Absolute accuracy Voo=AVco= ADVrer=5. 12V 


Vapvrer | Reference analog input voltage 
Ladder resistance value ADVrer=5V 
Reference analog input current ADVrer=9V 
Analog power input 
Analog power input 









































Symbol Parameter ‘Test conditions 


| 
| = __| Resolution 


Absolute accuracy Voc= DAVper=5. 12V 




















2 ae Output resistance _ 


Vavss Analog power input i 


Analog power input 


Reference power input current (Each pin) 
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DESCRIPITION 
The M37450E4-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP. The features of this chip 
are similar to those of the M37450M4-XXXSP except that 
this chip has a 8192-byte PROM built-in. This single-chip 
microcomputer is useful for office automation appliances 
and consumer appliance controllers. 
In addition to its simple instruction sets, the PROM, RAM 
and I/O addresses are placed on the same memory map to + P4,/AN> 
enable easy programming. Since general purpose PROM +> PQo/Ao 
writes can be used for small quantity production runs. It > PO/Ay 
also has a unique feature that enables it to be used as a Repo Ba® eee ne 
slave microcomputer. ee: ee Rees 

. P53/DB3 > +> P0,/A4 
The M37450E4SS and the M37450E4FS are the window 


PIN CONFIGURATION (TOP VIEW) 


P3,/Srpy + [1] 
P36/Soik > 
P35/TxD > 
P3,/RxD + [4| 
P33/PWMour 
P3,/EV; ++ [6] 
P3,/EV2 +> 
P39/EV, + [8] 


Vcc 

AVss 
+— Vrer 
> D-Ay 
— D-A> 
+ P45/ANo 
— P4,/AN, 


Reference 
voltage input 
1/O port 


P3 } D-A output 


Input 
ort P4 


P5,/DB2/CE + ++ P0s/As 
type. The differences between the M37450E4-XXXSP and 
the M37450E4-XXXFP, and between the M37450E4SS and 
the M37450E4FS are the package outline and the power 
dissipation ability (absolute maximum ratings). 


FEATURES 


e Number of basic instructions EKER CTE RRR Re eS 
69 MELPS 740 basic instructions + 2 multiply/divide 
instructions 


@ Memory size =) ° 16) \ eer 8192 bytes 
RAM aso oie, ware res eset este erase tere eier's 6/04. 86 0% SS8ija 69 256 bytes 
@ Instruction execution time 
(minimum instructions at 10 MHz frequency) --::- 0.8us 
@ Single power supply Perre rrr er rere reer rere rer reer eee ee 5V45% 
@ Power dissipation normal operation mode 
(at 10 MHz frequency) Leibedinlere’ a Vaiete Gretos tee secilae aes oS04 30mW 
@ Subroutine nesting Si Si Olea ee e:0 Bio see oie Siete sis we wees 96 levels max 
@ Interrupt Serer ee ee ee ee 15 events 
@ Master CPU bus interface Sr rr ee ee 1 byte 
@ 16-bit timer ccc ete cee e ener nees 3 
@ 8-bit timer (Serial 1/O use) oie di Us euttoia hvtewae oe eae Cina week ee ae | 
@ Serial 1/O (UART or clock synchronous) **-++--++:+s777777 1 
@ A-D converter (8-bit resolution) --------- 3 channels (DIP) 
8 channels (QFP) 
@ D-A converter (8-bit resolution) --:-7s ett 2 channels 
@ PWM output (8-bit or 16-bit) SE Rae wcsiale etsie iesalca Wags Os RRS Owl esate ane he { 
@ Programmable I/O ports 
(Ports PO, P1, P2, P3, P5, P6) scene aia atlas Riv aerate caine nace 48 
@ Input port (Port P4) sce 3 (DIP), 8 (QFP) 
@: Output ports (Ports D-Aj, D-A>) 4 siaidaa leas ere tacene Rares oe bioisee aveteate ane 2 
@ PROM (equivalent to the M5L2764) 
PrOOraln VOltAge siesta Sere mer eeaet eee 21V 
APPLICATION 


Slave controller for PPCs, facsimiles, and page printers 
HDD, optical disk, inverter, and industrial motor controllers 
Industrial robots and machines 
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P5,/DB,/OE | 


P5,/DB)/PGM 
P6,/W + 
P6,./R 


1O 


+ P06/Ag 
<> P0,/A; 
+ P1o/Ag 
> P14/Ag 


SSrvs0SrZEW 
dSXXX-vpa0SrlewW 


P6,/CS + 

P6,/A0 > 

P6./INT3 <> 

P6,/INT> > 

Read/Write P6o/INTs pas 

status output R/W = 

Synchronous signal SYNC — 
output 

CNVegs/Vpp — 
RESET — 


Xin > 


> P15/Aio 
> P13/As, 
> P14/Aio 
> P15/Ai3 
> P16/Ara 
> P17/Ais 
++ P2o/Do 
+ P2,/D, 
<> P2,/D> 
++ P2,/D3 
+> P2,/D, 
+> P2;/Ds 
++ P2,/Ds 


P1 


Reset input 
Clock Input 
Clock output Xout 


o— 


Timing output 


64P4B (OTP) 
64S1B (Window) 


“| > 
ire) 
ol a 
IN 
DR 
mo 
aa 
{ 


Outline 


S4va0SrZew 
iO 
d4xXxX-pao0srZewn 


80P6 (OTP 


Outline 80S6 (Window) 


NC : No 


1/O port 


1/O port 
P2 





connection | 
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FUNCTIONS OF M37450E4-XXXSP/FP, M37450E4SS/FS 


Parameter 
Number of basic instructions 
Instruction execution time 


Clock frequency 


PROM 
Memory size 
RAM 





PO-P3, P5, P6 : 
Input/Output port P4 

D-A 
Serial |/O 
Timers 


A-D converter 

D-A converter 

Pulse width modulator 
Data bus buffer 
Subroutine nesting 


Interrupt 


1/0 


Output 


Functions 





71(69 MELPS 740 basic instructions+2) 

0. 84s (minimum instructions, at 1OMHz frequency) 
10MHz (max ) on 
8192 bytes 

256 bytes 

8-bitX6 











3-bitX1 (B-bitX1 for 80-pin mode!) 


2-bitX1 

UART or clock synchronous 

16-bit timer X3, 

8-bit timer (Serial 1/O baud rate generator) X1 








8-bitX3 channels (8 channels for 80-pin model) 
8-bitX 2 channels 
8-bit or 16-bitX1 


1-byte input and output each 





96-levels 
6 external interrupts, 8 internal interrupts 


One software interrupt 





Clock generating circuit 








Supply voltage 





Built-in (ceramic or quarts crystal oscillator) 





5V+5% 





Power dissipation 











Input/Output voltage 
Input/Output characters ~ e 2 
Output current 


Memory expansion 





Operating temperature range 
Device structure 
M37450E4-XXXSP 


M37450E4-XXXFP 
M37450E4SS 


Package 








30mW (at 10MHz frequency) 
5V 

+5mA (max.) 
Possible 

—10 to 70 

CMOS silicon gate 
64-pin shrink plastic molded DIP 
80-pin plastic molded QFP 
64-pin shrink ceramic DIP 








M37450E4FS 80-pin ceramic QFP 
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PIN DESCRIPTION (normal mode) 


Vcc: 
Vss 


Name 


Supply voltage 


CNVss/Vpp | CNVsg 


RESET 


Xin 


Xour 


SYNC 


R/W 


PQo-P07 


P1o-P17 
P29-P2,7 
P39-P37 
P4-P4, 

(P49-P4;) 


P5o0-P57 


P69-P67 


D-A;, D-A2 


Vrer 


ADVrer 


DAVrer 











Reset input 


Clock input 


Clock output 


Timing output 








Input/ 
Output 


Input 





Input 


Output 


Functions 


Power supply inputs 5V+5% to Voc, and OV to Vss 





Controls the processor mode of the chip Normally connected to Vsg or Voc 


To enter the reset state, the reset input pin must be kept at a “L” for more than 8 clock cycles (under nor- 
mal Vcc conditions) If more time 1s needed for the crystal oscillator to stabilize, this “L” condition should 
be maintained for the required time 


This chip has an internal clock generating circuit To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the Xi, and Xour pins If an external clock is used, the clock 
source should be connected to the Xjy pin and the Xour pin should be left open 











Outputs signal consisting of oscillating frequency divided by four 




































































Synchronous Output This signal ts output “H” during operation code fetch and Is used to control single stepping of programs 

signal output 

Read/Write Output This signal determines the direction of the data bus It is “H” during read and “L” during write 

status output 

ft cae oe \ 

I/O port PO 1/O Port PO is an 8-bit I/O port with directional registers allowing each |/O bit to be individually programmed as 
input or output The output structure is CMOS output The low-order bits of the address are output except 
in single-chip mode 

I/O port P1 1/0 Port P1 is an 8-bit !1/O port and has basically the same functions as port PO The high-order bits of the 

E| address are output except in single-chip mode 
Seep a ee 

1/O port P2 1/O Port P2 is an 8-bit 1/O port and has basically the same functions as port PO Used as data bus except in 
single-chip mode 

1/O port P3 1/0 Port P3 is an 8-bit I/O port and has basically the same functions as port PO Serial I/O, PWM output, or 
event !/O function can be selected with a program 

Input port P4 Input Analog input pin for the A-D converter The 64-pin model has three pins and the 80-pin model has eight 
pins They may also be used as digital input pins 

1/O port P5 i/O Port P5 is an 8-bit I/O port and has basically the same functions as port PO This port functions as an 8-bit 
data bus for the master CPU when slave mode |Is selected with a program 

1/O port P6 I/O Port P6 is an 8-bit |/O port and has basically the same function as port PO Pins P63 to P67 change to a con- 
trol bus for the master CPU when slave mode Is selected with a program Pins P69 to P62 may be program- 
med as external interrupt input pins 

D-A output Output Analog signal from D-A converter ts output 

Reference voltage Input Reference voltage input pin for A-D and D-A converter This pin is for 64-pin model only 

input 

A-D reference Input Reference voltage input pin for A-D converter This pin ts for 80-pin model only 

voltage input 

D-A reference Input Reference voltage input pin for D-A converter This pin is for 80-pin model only 


voltage input 





























AVss Analog power supply Ld Ground level input pin for A-D and D-A converter Same voltage as Vss Is applied 
AVcc Analog power supply Power supply input pin for A-D converter This pin is for 80-pin model only Same voltage as Vcc is applied 
In the case of the 64-pin model, AVcc Is connected to Vcc internally 
RD Read signal Output Control signal output as active “L” when valid data is read from data bus This pin 1s for 80-pin model only 
output 
WR Write signal Output Control signal output as active “L” when writing data from data bus to external component This pin is for 
output 80-pin model only 
ae stlees ma adi 
RESETout Reset output Output Control signal output as active “H” during reset It is used as a reset output signal for peripheral compo- 
nents. This pin ts for 80-pin model only 
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PIN DESCRIPTION (EPROM mode) 


Input/ 
a Output Functions 
CNVss/Vpp | Vpp 


SYNC Synchronous 
signal output 


Power supply inputs 5V+5% to Vcc, and OV to Vss 


Connect to Vpp when programming or verifing. 


Connect to Vss 


Connect a ceramic or a quartz crystal oscillator between Xjy and Xour for clock oscillation. 






Kept to open (“L” signal 1s output) 





R/W Read/Write Output Kept to open (“H” signal ts output) 
status output 





PO ,-P0O,7 1/O port PO Input PO works as the lower 8-bit address input 
P19-P17 1/O port P1 Input P1 works as the higher 8-bit address input 
P25-P27 1/O port P2 i/O P2 works as an 8-bit data bus 





P39-P37 1/O port P3 Connect to Vss 





P4,-P4, Input port P4 Input Connect to Vsg (The 80-pin model has eight pins P49 to P47) 


(P4o-P47) 





P5o, P5;, P52 works as PGM, OE, and CE inputs respectively Connect P53 and P54 to Vcc and P5s to P57 to 
Vss 


P69-P67 1/O port P6 Input Connect to Vss 





P59-P57 1/O port P5 Input 





D-A;, D-A> | D-A output Kept to open 


VREF Reference voltage Input Connect to Vss 
input 


ADVrer A-D reference Input Connect to Vss. 
voltage input 


D-A reference Input Connect to Vss. 
voltage input 
Input Connect to Vss 
Input Connect to Vcc or Vss. 
|_| Read signa output Output | Kept to open (“H” signal ts output) 


WR Write signal 
output 


RESETour | Reset output Output Kept to open (“H” signal is output) 











Output | Kept to open (“H” signal is output). 
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EPROM MODE > 

The M37450E4-XXXSP/FP, M37450E4SS/FS features an 
EPROM mode in addition to its normal modes. When the 
RESET signal level is low (“L”) and CNVgs/Vpp signal level 
is high (“H”), the chip automatically enters the EPROM 
mode. Table 1 list the correspondence between pins and 
Figure 1 and Figure 2 give the pin connections in the 
EPROM mode. When in the EPROM mode, ports PO, P1, 
P2, P59 to P5, and CNVss are used for the PROM 
(equivalent to the M5L2764). When in this mode, the built- 
in PROM can be written to or read from using these pins in 
the same way as with the M5L2764. The oscillator should 
be connected to the Xjy and Xouz pins, or external clock 
should be connected to the Xj pin. 


P3,/Srapy + LL 
P36/Scik + 
P3./TxD +> 
P3,/RxD + [4 
P33/PWMour + 
P3./EV, +> [6] 
P3,/EV2 
P3)/EV, ++ [8] 
P5,/DB, + [9) 
P5,/DB, + 
P5,/DB; +> 
P5,/DB, 
P5,/DB, +> 
P5./DB./CE ++ 
P5,/DB,/OE + 
P5,/DBo/PGM ++ 
P6,/W + 
P6./R + 
P6,/CS + 
P6,/A0 + 
P63/Papy 
P6./INT3 
P6,/INT> 
P6,/INT, <> 
R/W 

SYNC + 
CNVss/Vpp 
RESET — 


Ceramic oscillating circuit 


SSva0SrLEWw 


= 
G3 
~I 
AN 
on 
a) 
m 
z 
~x< 
x< 
x< 
” 
a) 





Table 1. Pin function in EPROM mode 


M37450E4SS/FS 












Address input Ports PO, P19-P14 Ao-Ai2 
Data I/O Port P2 Dy-D7 









CE P5,/DB2/CE CE 


P5,/DB,/OE 


PS9/DB/PGM 






Voc 

AVss 
+ Vrer 
a D-A, 
— D-A2 
+ P4,/ANo 
+ P4,/AN, 
+ P4,/AN2 
+ P0Q)/Ao 
+> P0,/A, 
+> P0O2/A2 
+> PQ3/A3 — 
+> P0,/A, 
+> POs/As 
+> P06/Ag — 
+> PO7/A; 
+> P1,/Ag 
> P1,/Ag - 
++ P1,/Aio 
+ P13/A;, 
++ P1,/Ai2 
+> P16/A43 
> P16/Ai4 
> P17/Ais 
++ P2)/Do 
++ P2,/D, 
++ P2,/D2 
++ P23/D3 
++ P2,/D, 
++ P2,/Ds 
++ P2./De 
++ P2,/D7 


OOOOCOHOOOOOL 


C) : Same functions as M5L2764 


Fig. 1 Pin connection in EPROM mode (64-pin model) 
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+> P33/PWMour 


—. P32/EV3 
++ P3,4/RxD 
+> P35/TxD 
> P356/Scik 
+> P3,7/Srpy 


— P4,/AN> 
— P43/AN3 
+ P4,/AN, 
— P4,/ANs 
— P4,./ANg6 


d4XXX-va0SrleEwW 
iO 
SAvs0SrZew 


P6,/INT2 
P6o/INT, ++ 
WR _— 

RD — 

R/W — 
SYNC + 
RESETour 


> P17/Ais 
NC 


EI 
on 


O 
z 


P29/Do ++ {3| 


CNVss/Vpp — 


3}+__ RESET — 


t 
| 
Vpp Vss Cararié Vs GOOE@ 


oscillating 
circuit 


(_) : Same functions as M5L2764 





Fig. 2 Pin connection in EPROM mode (80-pin model) 
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PROM READING, WRITING AND ERASING 
Reading ee 

To read the PROM, set the CE and OE pins to a “L” level, 
and supply OV to the RESET pin, and 5V to the Vcc and the 
CNVgg (Vpp) pins. Input the address of the data (Ao to Aj) 
to be read and the data will be output to the I/O pins Dp to 
D7. The data I/O pins will be floating when either the CE or 
OE pins are in the “H” state. 





Writing _ 

To write to the PROM, set the CE pin to a “L” level and the 
OE pin to a “H” level, and supply OV to the RESET pin, 6V 
to the Vcc pin and 21V to the Vpp pin. The CPU will enter 
the program mode when Vpp is applied to the Vpp pin. The 
address to be written to is selected with pins Ap to Ay2, and 
the data to be written is input to pins Dp to D7. Set the PGM 
pin to a “L” level to begin writing. 








Erasing 

Data can only erased on the M37450E4SS/FS ceramic 
package, which includes a window. To erase data on this 
chip, use an ultraviolet light source with a 2537 Angstrom 
wave length. The minimum radiation power necessary for 
erasing is 15W:s/cm?. 


NOTES ON HANDLING 

(1) Sunlight and fluorescent light contain wave lengths 
capable of erasing data. For ceramic package types, 
cover the transparent window with a seal (provided) 
when this chip is in use. However, this seal must not 
contact the lead pins. 


Table 2. 1/0 signal in each mode 















« Read-out 


Vir 
Programming 
Programming verify 


Note 1 : Vy, and Vj, indicate a “L” and “ye input voltage, respectively 
2: An X indicates either V,_ or Vin. 


(2) Before erasing, the glass should be cleaned and stains 
such as finger prints should be removed thoroughly. If 
these stains are not removed, complete erasure of the 
data could be prevented. 

(3) Since a high voltage (21V) is used to write data, care 
should be taken when turning on the PROM writer's 
power. 

(4) For the programmable microcomputer (shipped in 
blank or OTP type) , Mitsubishi does not perform 
PROM write test and screening in the assembly pro- 
cess and following process. To improve reliability after 
write, performing write and test according to the flow 
below before use is recommended. 


Writing with PROM writer 


Screening (Note) (Leave at 150°C for 40 hours) 


Verify test with PROM writer 






Note : Since the screening temperature is higher than! 
storage temperature, never expose to 150°C ex- 
ceeding 100 hours. 






Output 
Input 
Output 












Floating 
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ABSOLUTE MAXIMUM RATINGS 


| Vec____| Supply voltage 
rv Input voltage RESET, Xin 


a Input voltage POp-P07, P19-P17, P2o-P2z, 


Voc 

Vi 

- P3-P37, P4g-P47, P5g-P5z, 
1 

Vi 

Vo 















=0.3 to 7 
=0.3t07 


—0. 3 to Vec +0. 3 


—0.3 to 13 (Note 1) 



























P69-P67, ADVrer, DAVper, 
Vrer: AVoc 
Input voltage CNVsg 


Output voltage PQ9-P07, P19-P17, P29-P27, 
P39-P37, P5o9-P57, P69-P67, 
Xour, ¢, RD, WR, R/W, 
RESETour, SYNC 
1000 (Note 2) 


| Pq Power dissipation 
Operating temperature oe ee ete =10 to 70 
Storage temperature eae, —40 to 125 


Note 1 : In PROM programming mode, CNV¢gzg is 22. 0V 
2 : 500mW for QFP type 


With respect to Vss 







Output transistors are 
at “OFF” state 

















—0.3 to Voc +0. 3 















RECOMMENDED OPERATING CONDITIONS 


(Vec=5V+5%, Ta=—10 to 70°C unless otherwise noted) 


Symbol Parameter 
ome | ame eee] 
5 


“L” Input voltage PQ 9-P07, P19-P17, P2o-P2z, 


cc 
“H” Input voltage RESET, Xin, CNVsg (Note 1) 0.8Vcc 
P39-P37, P49-P47, P5o-P5z, 0 
lon(peak) 







































Viv 


, V 
V 
| | Veo | OV 
“H” Input voltage PO -P07, P19-P17, P29-P27, 
Vin P39-P37, P49-P47, P59-P57z, 2.0 Voc V 
P6y-P6, (except Note 1) faa 
a ; V 
P6o-P6, (except Note 1) 
“L” Input voltage Xin 


Vin “L” Input voltage CNVss_ (Note 1) 0 
IL 

























“L” peak output current PO -P07, P19-P17, 
P29-P27, P3o-P37, 
P59-P57, P69-P67 
“L” average output current PQ -P07, P1o-P17, 
P29-P27, P39-P37, 
P59-P57, P69-P67 
“H” peak output current PQ9-P07, P19-P17, 

P29-P27, P3p9-P3z, 
P59-P57, P69-P67 
“H” average output current PO9-P07, P19-P17, 
loH(avg) P29-P27, P39-P3z, 


P5q-P57, P69-P67 
f(Xin) 


Note 1 : Ports operate as INT,-INT3(P6-P6.), EV;-EV3(P39-P32), RxD(P3,) and Soi (P3.,) 

2 : The average output current lon(avg) and lo.(avg) are the average value during a 100ms 

3 : The total of “L” output current lo.(peak) Of port PO, P1 and P2 ts less than 40mA 
The total of “H” output current lou(peak) of port PO, P1 and P2 Is less than 40mA ae 
The total of “L” output current lo. (peak) of port P3, P5, P6, R/W, SYNC, RESETour, RD, WR and 
¢? is less than 40mA 
The total of “H” output current lou(peak) of port P3, P5, P6, R/W, SYNC, RESETour, RD, WR and 
¢ is less than 40mA 















(Note 2) 


























(Note 2) 












Clock oscillating frequency 
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ELECTRICAL CHARACTERISTICS (Voc = 5V5%, Veg = OV, Ta = —10 to 70, f(Xin) = 10MHz, unless otherwise noted) 


Limits 
Symbol Parameter Test conditions Unit 
Min. Typ Max 








“H” output voltage RD, WR, R/W, SYNC, RESETour, ¢ | lox=—2mA Vv 
“H” output voltage PO-PO7, P1o-P17, P2o-P2z, : 
Vou e 7 \ : : : - : lon=—5mA Voc V 


P39-P37, P5o-P57, P6p-P67 

“L” output voltage PO-P07, P1o-P17, P2o-P2r, 

VoL P39-P37, P59-P57, P6o-P67, loL-=2mA 

RD, WR, R/W, SYNC, RESETour, ¢ 
“L” output voltage PO -P07, P19-P17, P29-P27, 
P39-P37, P59-P57, P69-P67 

Hysterisis INT,-INT3(P69-P62), EV;-EV3(P3p-P32), 
RxD( P34), Scix( P36) 


Hysterisis RESET | a 
Hysterisis Xin 





p+ = 











Function input level 










































































“L” input current PO9-P07, P19-P17, P29-P27, 
hie P39-P37, P49-P4,, P5o9-P57, Vi=Vss 
P69-P67, RESET, Xin 
“H” input current PO9-P07, P19-P17, P29-P27, T 
ling P8p-P37, P49-P47, P5-P5r, Vi=Vec 
P6o-P67, RESET, Xin 
VrRam RAM retention voltage At stop mode | tee 
At system operation 6 10 A 
m 
loc Supply current (Xin) =10MHz 
: At stop mode (Note 1) 1 10 LA 








Note 1 : The terminals RD, WR, R/W, SYNC, RESETour, ¢, D-A; and D-A, are all open The other ports, which are in the input mode, are connected 
to Vss A-D converter is in the A-D completion state The current through ADVper and DAVpe¢ IS not included( Fig 6) 


A-D CONVERTER CHARACTERISTICS 


(Voc = AVoc = 5V, Vag = AVss = OV, Ta = 25C, f(Xin)=10MHz, unless otherwise noted) 





Symbol Parameter Test conditions 


~~ + Ee 


—} = ——— 


Absolute accuracy ; Voc™=AVcoc=ADVrer=5. 12V 




















Conversion time 





Analog input voitage 





Vapvrer | Reference input voltage 








Riapper | Ladder resistance value 





lianvrer | Reference input current 


Vavoc Analog power supply input voltage 
Vavss Analog power supply input voltage 
































D-A CONVERTER CHARACTERISTICS (Voc =5V, Vss = AVss = OV, Ta = 25, unless otherwise noted) 






































Limits 
Symbol Parameter Test conditions ] eS Unit 
Min Typ Max 

ay Resolution 8 Bits 

— Abusolute accuracy Voc=DAVrer=5. 12V 1.0 % 
tsy Setup time 3 Ms 
Ro | Output resistance af 1 | 4 kQ 
Vavss Analog power supply input voltage: | 0 _ V 
Voavrer | Reference input voltage 4 Voc V 
Ipbavrer | Reference power input current (Each pin) 0 2.5 5 mA 
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TIMING REQUIREMENTS 
Port/single-chip MOde (Vcc=5V+5%, Vss=0V, Ta=—10 to 70°C, unless otherwise noted) 


Symbol Parameter Test condition 


Port PO input setup time 
Port P1 input setup time 
Port P2 input setup time 


tsu(esp—¢) | Port P3 input setup time 
tsu(p4p—¢) Port P4 input setup time 
tsu(psp— ¢) Port P5 input setup time 


Port P6 input setup time 
th(¢—pop) Port PO input hold time 
th( ¢—P1p) Port P1_ Input hold time 


Port P4 input hold time 
Port P5 input hold time 


th( ¢—Ppep) Port P6 input hold time 








to (Xin) External clock input cycle time 


tw(XinL) External clock input “L” pulse width 
tw(XinH) External clock input “H” pulse width 


| trOXin) External clock rising edge time 
te(Xin) External clock falling edge time 


Master CPU bus interface timing (R and W separation type mode) 
(Veco=5V£5%, Vss=0V, Ta=—10 to 70°C, unless otherwise noted) 


Test condition 


Fig 3 
160 


Master CPU bus interface timing (R/W type mode) 


(Voc=5V£5%, Vss=0V, Ta=—10 to 70°C, unless otherwise noted) 


tsu(cs—e) Pe wed 
thie—cs) a ae ae 
tsuca—e) ee ce oe 
thie—a) 10 ee 
thie—rw) _ | R/W_ hold time , Fig 4 (a |e ee 
twieL) Enable clock “L” pulse width 160 | fons 

Enable clock “H” pulse width 160 pS 

Enable clock rising edge time {fs fs 
tfce) Enable clock falling edge time pe | 

































Limits 
Ty 


Symbol Parameter Unit 


Ko) 





tsu(cs—r) CS setup time 


>) 
io) 







cs setup time 
CS hold time 
CS hold time 
AO setup time 









thir—cs) 
thiw—cs) 
| tsuca—w) _| 








BSS 
o>) 


a /— 7) 
O;O;o 


AO setup time 
AO hold time 
AO hold time 
Read pulse width 





thcR—a) 










Write pulse width 





Date input setup time before write 


—A | ak 
-—|O;D 
O};O;O 





Date input hold time after write 




































25 
: ae me 
Ls 
ee 





tsu(p—e) Data input setup time before write 
| 





Data input hold time after write 
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Local bus/memory expansion mode, microprocessor mode 
(Voc=5V15%, Vss=0V, Tag=—10 to 70°C, unless otherwise noted) 


Data input setup time 
th( g—pb) Data input hold time 
- Fig 5 
Data input setup time 
thc rp—b) Data input hold time 
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SWITCHING CHARACTERISTICS 
Port/single-chip MOdE (Vcc=5V+5%, Vss=0V, Ta=—10 to 70°C, unless otherwise noted) 


Port P2 data output delay time 
Cycle time 
¢ clock pulse width (“H” level) 













Test condition 





Unit 
Typ 


0 








NO 
i) 
a 
na 


NO} RO NO 
oO;o;o!o 
O}O 
=) 
” 












> 

ONIN 
o;}oO!|o 
O;O!1o 





an ee) 

oO|;|o 
NO} RM 
O;}oO 





Master CPU bus interface (R and W separation type mode) 
(Voec=5V+5%, Vsg=0V, Ta=—10 to 70, unless otherwise noted) 


ee ie Min | 


Data output enable time after read 
Data output disable time after read Fig 4 








Proy output transmission time after read 
Proy output transmission time after write 






Limits 

Symbol Parameter Test condition amis 
Data output enable time after read fez c= 120 
Data output disable time after read Fig 4 La 85 


Proy output transmission time after E clock 





Local bus/memory expansion mode, microprocessor mode 


(Vec=5V+5%, Vss=0V, Ta=—10 to 70°C, unless otherwise noted) 


A 
data output delay time after WR 


tw rp) RD pulse width 
tw(wr) WR pulse width 


) 
) 

td(¢—pb) data output delay time after ¢ 
) 














MITSUBISHI MICROCOMPUTERS 


M37450E4-XXXSP/FP 
M37450E4SS/FS 


PROM VERSION of M37450M4-XXXSP/FP 





TEST CONDITION 


Input voltage level > Vj, 2. 4V 
Vic 0. 45V 
Output test level > Voy 2.0V 
Vo. 0.8V 


{ 





Fig. 3 Test circuit in Fig. 4 Master CPU bus interface Fig. 5 Local bus test circuit 
single-chip mode test circuit 


lec 
(test point) 
other power 
supply 

i> 


RD 
WR 
R/W 
SYNC 
RESETourt 


¢ 


Xout 





Fig.6 loco (at STOP mode) test condition 





ar | ate MiTSuBISHI 
| ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37450E4-XXXSP/FP 
M374S50E4SS/FS 


PROM VERSION of M37450M4-XXXSP/FP 
—_—————— eee 


TIMING DIAGRAM 


Port/single-chip mode timing diagram 


toixy) tWodnH)  wOune) 











Xin 
te(e) 
é 2.0 2.0 a 
; 0.8 0.8 
weg 4) tts) trig) 
tsu(Pin—¢ ) 
24 2.4 
Port Pi input ( > 
0. 45 0. 45 
td(¢—pip) th(¢—Pip) 
Port Pi output 2.0 
0.8 


Note : Vin=0. 8Vcc, Vii=0. 16Vcc of Xin 


Master CPU bus interface/ R and W separation type timing diagram 


Read 


tsu(a—R) thir—a) 


2. 2. 
no foe | ns 
tsu(cs—r) th(r—cs) 
os es | Me 


2.4 
0. 45 0. 45 
2.0 2.0 
DBo-DB; a el T 


ta(r—p) 





2.4 


| 


ty(r—D) 


Proy 
tpLH(R—PR) 


2.0 
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Write 


tsu(a—w) thiw—a) 












AO 
tsu(cs—w) 
Cs 
twiw) 
— 2. 4 
Ww 0. 45 0. 45 
thiw—p) 
2.4 
oo IDs 
tsu(o—w) | 
ae 2.0 
Proy , 
Master CPU interface/ R/W type timing diagram 
tw(eL) twieH) 
E 
0. 45 0. 45 ‘ 0. 45 


tsu(a—e) 
~ th(e—a) 
ae es 
R/W | 0. 45 


th(e—cs) 
cS 
0. 45 L 0. 45 


read 


cms 
DBo-DB7 


ta(e—p) 





Eeaes 


tsu(p—e) ath 
E—pD 


. fH 
DBo-DB; 0.45 





2.0 


Proy ‘ | 
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Local bus timing diagram 


R/W 


SYNC 


Ao-Ai5 


Dy-D; 


CPU read 


Do-D7 


CPU write 


Ao-Ais 


Do-D7 
CPU read 


Do-D7z 
CPU write 


tog) 


> 
tw( 4H) tw(6L) 


| 


td ¢—rw) 
tris) 


tv(¢—a) 


y 


td(¢—a) 


J 
ith 


LI 


mE . 


thi¢—p) 


V/ 


td(¢—p) t 
V(¢—D) 


wi! 


\/A 


tw(rp) 


pie ty(RD—A) 


Ih 


tsu(p—Rb) te ' 
RD—D 


twiwr) 
ty(wrR—A) 


ty(wr—p) 


> 


it 
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DESCRIPITION | 
The M37450E8-XXXSP is a single-chip microcomputer de- PIN CONFIGURATION oor view) 
signed with CMOS silicon gate technology. It is housed in a P3,/Srapy Voc 
64-pin shrink plastic molded DIP. The features of this chip P36/Scik ** AVss 
are similar to those of the M37450M8-XXXSP except that P35/TxD +* + Vrer voltage cout 
this chip has a 16384-byte PROM built-in. This single-chip oper aie SR Ge Guta 
microcomputer is useful for office automation appliances hay as ue: 

P3,/EV3 +> <— P4o/ANo 
and consumer appliance controllers. P3,/EV> ++ — P4,/AN, | Input 
In addition to its simple instruction sets, the PROM, RAM P3,/EV, + — P4,/AN, pores 
and |/O addresses are placed on the same memory map to P5,/DB, + +> P0o/Ao 
enable easy programming. Since general purpose PROM P5¢/DBg ++ P0,/A; 
writes can be used for small quantity production runs. It PSs5/DBs +> +> P02/A2 
also has a unique feature that enables it to be used as a eas PS4/DB, +* z +> P03/Ag 
slave microcomputer. jeden z= 8 ee POs 
The M37450E8SS and the M37450E8FS are the window poe PRC a: ade se ene 
type (M37450E8FS is housed in a 80-pin ceramic QFN lia Sst orga hom corer 
package). The differences between the M37450E8-XXXSP er ms ens 
and the M37450E8-XXXFP, and between the M37450E8SS | sense if = + ss 
and the M37450E8FS are the package outline and the pow- P6./GS + “ + Pto/Aro 
er dissipation ability (absolute maximum ratings). P6,/A0 +> +> P13/Ay; 

pe | PB g/Proy + + Pta/Are 

FEATURES P6./INT3 +> +> P15/Ai3 
@ Number of basic instructions Se le Gisele, Be oles S16 ereke bite 6rehe Bre erbco ee rhe -eueve 71 P6,/INT2 > P16/Ai4 


69 MELPS 740 basic instructions + 2 multiply/divide 
instructions 
@ Memory size EPROM crrvrstrrrrrrrerrteeeee 16384 bytes 
97 \ \\ eee 384 bytes 
@® Instruction execution time 
(minimum instructions at 10 MHz frequency) --::- 0.8us 


Read/Write 
status output 


P6,/INT, +> 
R/W + 


Synchronous signal SYNC — 


output 


Reset input 
Clock Input 
Clock output 


CN Vss/Vpp —, 


RESET -> 


Xour *— 


> P1,/A45 
)] ++ P25/Do 
+> P2,/D, 
+> P2,/Do 
++ P2,/D3 
+> P2,/D, 
+> P2./Ds 


1/O port 
P2 


@ Single power supplycccrr ee 5V+5% Timing output o= +> P2,/Dg 
@® Power dissipation normal operation mode [33] ++ P27/D; 
(at 10 MHz frequency) baile cocemceh cones ncuaalr 30mW Suing 64P4B (OTP) 

@ Subroutine nesting occ 96 levels max. 6481 B (Window) 
@ Interrupt ssc reer eee eee rece 15 events 
@ Master CPU bus interface ccc crete 1 byte 
@ 16-bit timer Sie ele Lbsb 6 a:Go¥ atinle: Bye eterelarie! eee ech wees 0a Cielo & 80/0906 0% 10.6: Slee Se-8).6" 9; 8S: 0 Fie ace 3 
@ 8-bit timer (Serial /O use) wie HEN Cee eee a eold swade adee ea Saw Rae 6 { 
@ Serial 1/O (UART or clock synchronous) -:r11r street 1 
@ A-D converter (8-bit resolution) --:+----- 3 channels (DIP) 
8 channels (QFP) 
@ D-A converter (8-bit resolution) ----+ss7sr+s 2 channels = 
@ PWM output (8-bit or 16-bit) shietdecadcanly edie Peles wets weds Mech ees { = a 
@ Programmable I/O ports 7 Ss 
(Ports PO, P1, P2, P3, P5, PG) --rrrretreerereteeeeeeeeeeees 48 ae @ 
@ Input port (Port P4) rete 3 (DIP), 8 (QFP) © S 
@ Output ports (Ports D-A;, D-A>) Abita earaa ea ara ete caer a 68 2 ~ a 
@ EPROM (equivalent to the M5L27256) vu 
program voltage eer ee ee ae oe ee ee eee a a a a ee 12.5V 
APPLICATION 


Slave controller for PPCs, facsimiles, and page printers 
HDD, optical disk, inverter, and industrial motor controllers 
Industrial robots and machines 





3—174 


Outline 


80P6(OTP) 


80D0 (Window) 


NC: No | 
connection | 
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FUNCTIONS OF M37450E8-XXXSP/FP, M37450E8SS/FS 























| [PROM | 16884 bytes 
Memory size 
384 bytes 
PO-P3, P5, P6 8-bitX6 
S-bitX1 (B-bitXi for 80-pin model) 
OA SCCSCSC~*~C tif COC~“—*S™S*~™SCSCSCSCS 
Serial |/O UART or clock synchronous 


16-bit timerX3, 
Timers 
8-bit timer (Serial |/O baud rate generator) X1 


Input/Output port 











6 external interrupts, 8 internal interrupts 


Power dissipation 30mW (at 10MHz frequency) 
Input/Output voltage 5V 
Input/Output characters : 
Output current + 5mA (max.) 


Operating temperature range —10 to 70C 
M37450E8-XXXSP 64-pin shrink plastic molded DIP 
M37450E8-XXXFP 80-pin plastic molded QFP , 
Package 
M37450E8SS 64-pin shrink ceramic DIP 
M37450E8FS 80-pin ceramic QFN 


‘ 
Ny 
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PIN DESCRIPTION (normal mode) 


Input/ 


Output Functions 


Supply voltage Power supply inputs 5V5% to Vcc, and OV to Vss 





— 


Xin Clock input 
Xout Clock output 
Timing output 


Controls the processor mode of the chip Normally connected to Vsg or Vcc. 


To enter the reset state, the reset input pin must be kept at a “L” for more than 8 clock cycles (under nor- 
mal Vcc conditions) If more time is needed for the crystal oscillator to stabilize, this “L” condition should 
be maintained for the required time 


This chip has an internal clock generating circuit To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the X;y and Xourt pins If an external clock is used, the clock 
source should be connected to the Xj pin and the Xour pin should be left open. 





Outputs signal consisting of oscillating frequency divided by four 





SYNC 


Synchronous 


Output 


This signal is output “H” during operation code fetch and Is used to control single stepping of programs. 


signal output 


<< 





R/W Read/Write Output This signal determines the direction of the data bus It is “H” during read and “L” during write 


status output 





= 
1@) 







PO -P07 I/O port PO Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. The output structure is CMOS output. The low-order bits of the address are output except 
in single-chip mode. 

P19-P17 I/O port P1 1/O Port P1 is an 8-bit 1/O port and has basically the same functions as port PO The high-order bits of the 
address are output except in single-chip mode 

P29-P27 1/O port P2 1/0 Port P2 is an 8-bit I/O port and has basically the same functions as port PO Used as data bus except in 
single-chip mode. . 

P39-P37 I/O port P3 1/0 Port P3 is an 8-bit |/O port and has basically the same functions as port PO Serial 1/O, PWM output, or 
event |/O function can be selected with a program. 

P49-P4. Input port P4 Analog input pin for the A-D converter The 64-pin model has three pins and the 80-pin model has eight 

(P49-P4,) pins. They may also be used as digital input pins 

P59-P57 1/O port P5 /O Port P5 1s an 8-bit [/O port and has basically the same functions as port PO This port functions as an 8-bit 
data bus for the master CPU when slave mode is selected with a program. 





P6,-P67 I/O port P6 /O Port P6 is an 8-bit I/O port and has basically the same function as port PO Pins P63 to P67 change to a con- 


Reference voltage 
input 


trol bus for the master CPU when slave mode is selected with a program Pins P69 to P62 may be program- 
med as external interrupt input pins 


Analog signal from D-A converter is output 


Vrer Reference voltage input pin for A-D and D-A converter This pin ts for 64-pin model only 


ADVrer A-D reference 


voltage input 


Reference voltage input pin for A-D converter This pin is for 80-pin model only 


D-A reference 
voltage input 


AVss Analog power supply 


AVcc 


DAVrer 


Reference voltage input pin for D-A converter This pin is for 80-pin model only 





Ground level input pin for A-D and D-A converter Same voltage as Vgs is applied. 


Power supply input pin for A-D converter. This pin is for 80-pin model only Same voltage as Vcc is applied. 
In the case of the 64-pin model, AVcc is connected to Vcc internally. 


Analog power supply 





Control signal output as active “L” when valid data is read from data bus This pin is for 80-pin model only. 


Read signal 
output 


Write signal 
output 


Output Control signal output as active “L” when writing data from data bus to external component This pin is for 


80-pin model only 
RESETour Reset output Output Control signal output as active “H” during reset It is used as a reset output signal for peripheral compo- 
nents This pin ts for 80-pin model only 
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PIN DESCRIPTION (EPROM mode) 


Input/ 
c= [= [= 
fe lime 


SYNC Synchronous 
signal output 
R/W Read/Write 
status output 
PO -PO, | I/O port PO 
P19-P17 1/O port P1 


P2,-P2, | {/O port P2 


P49-P4.2 input port P4 
(P4o-P47) 


pe ne 


Vrer Reference voltage Connect to Vss 
input 

ADVrer A-D reference 
voltage input 

DAVrer D-A reference 
voltage input 


Read signal output 


Write signal 
output 
RESETour | Reset output 


Connect a ceramic or a quartz crystal oscillator between Xin and Xour for clock oscillation 





For timing output 


Kept to open (“L” signal ts output) 


Kept to open (“H” signal is output). 


PO works as the lower 8-bit address input 
Pt» to P15 works as the higher 6-bit address input. P1g and P17 connect to Voc or Vss 
P2 works as an 8-bit data bus. 


Connect to Vss. 








Connect to Vsg (The 80-pin model has eight pins P4y to P47). 





P5p, P5; and P52 work as Ay4, OE, and CE inputs respectively. Connect P53 and P54 to Voc and P5s to P57 
to Vss. 








Connect to Vss 


Connect to Vss. 


Connect to Vss. 
Connect to Vcc or Vss 


Kept to open (“H” signal is output) 








Kept to open (“H” signal 1s output) 





Kept to open (“H” signal is output) 
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EPROM MODE 

The M37450E8-XXXSP/FP, M37450E8SS/FS features an 
EPROM mode in addition to its normal modes. When the 
RESET signal level is low (“L”) and CNVgs/Vpp signal level 
is high (“H”), the chip automatically enters the EPROM 
mode. Table 1 list the correspondence between pins and 
Figure 1 and Figure 2 give the pin connections in the 
EPROM mode. When in the EPROM mode, ports PO, P71, 
P2, P59 to P5. and CNVss are used for the PROM 
(equivalent to the M5L27256) . When in this mode, the 
built-in PROM can be written to or read from using these 
pins in the same way as with the M5L27256. The oscillator 
“should be connected to the Xi and Xouyt pins, or external 
clock should be connected to the X,y pin. 


P36/Scik + 
P3,/TxD + 
P3,/RxD ++ [4 
P33/PWMour + 
P3./EV; ++ {6| 
P3,/EV> + 
P3)/EV, + [8] 
P5,/DB, + [39] 
P5¢/DB, + [10] 


P5,/DB3 ++ 
P5./DB2/CE «+ 
P5,/DB,/OE 
P5o/DBo/Ai4 ++ 
P6,/W +> 
P6./R > 


P6;/CS + 
P6,/A0 <> 
P63/Proy 
P6./INT3 
P6,/INT> 
P6o/INT, 
R/W 


dSXXX-830SPZEN 


SYNC + 
CNVss/Vpp = 
RESET — 


Oscillating circuit 


Table 1. Pin function in EPROM mode 


M37450E8-XXXSP/FP, MSL27256 
——— FS 












C ein Vpp 


hadiess input | Ports Taw ea = — 5, P55 


P5,/DB, /OE 





Voc 
AVss 

2) — Vrer 
—+ D-A, 
—+ D-A, 
— P4o/ANo 
— P4,/AN, 
— P4,/AN2 
+> PQo/Ag 
+> P0,/A,; — 
+> P02/A> 
+> P03/A3 
+> P0,/A, 
++ P0;/As 
++ P06/Ag — 
<> P0,/A7 
++ P1,/As 
++ P1,/Ag 
+ P15/Aio 
+> P13/A;, 
> P14/Ai2 
> P16/A13 
> P16/Ay, 
> P17/A45 
+> P2,/Do 
+> P2,/D, 
++ P2,/D>. 
+> P23/D3 
++ P2,/D, 
++ P25/Ds 
++ P2¢/Ds ————_—(D) 
++ P2,/D, 


SS8S0SPZEW 


HOOOOOOOOOOOOL 


ut 


: Same functions as M5L27256 


Fig. 1 Pin connection in EPROM mode (64-pin model) 
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Vss Voc 


«+ P33/PWMourt 
> P34/ RxD 

«> P35/TxD 

«> P37/Srpy 


+> P32/EV3 
<> P36/Scik 


+ P42/AN2 
62) <— P43/AN3 
61} + P4,/AN, 
160] «— P4;/ANs5 
59] <— P4./ANe6 
58] «— P4,/AN7 


@) 


= 
S = 
> 7) 
al N 
4 bh 
ae 
S oO 
= 
=< ~” 
“Tl 
"U 


RESETourt — [24 


Ea 


CNVss/Vpp — [&, 
P29/Do => [&| 


}—___—— RESET > 


Vpp Vss Vss OOO) 


Oscillating 
circuit 


Cc) : Same functions as M5L27256. 





Fig. 2 Pin connection in EPROM mode (80-pin model) 
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PROM READING, WRITING AND ERASING 
Reading | 

To read the PROM, set the CE and OE pins to a “L” level, 
and supply OV to the RESET pin, 5V to the Vcc pin and the 
CNVsg (Vpp) pin. Input the address of the data (Ag to Ay4) 
to be read and the data will be output to the I/O pins Do to 
D;. The data I/O pins will be floating when the OE pin is in 
the “H” state. , 





Writing 

To write to the PROM, set the OE pin to a “H” level, and 
supply OV to the RESET pin, 6V to the Vcc pin and 12.5V to 
the Vpp pin. The CPU will enter the program mode when 
Vpp is applied to the Vpp pin. The address to be written to 
is selected with pins Ag to A;,4, and the data to be written is 
input to pins Do to Dy. Set the CE pin to a “L” level to begin 
writing. 





Erasing 

Data can only erased on the M37450E8SS/FS ceramic 
package, which includes a window. To erase data on this 
chip, use an ultraviolet light source with a 2537 Angstrom 
wave length. The minimum radiation power necessary for 
erasing is 15W:s/cm?. 


Table 2. I/O signal in each mode 


Programming Vv 
Vv 
V 


Note 1: Vi_ and Vi, indicate a “L” and “H” input voltage, respectively. 


2: An X indicates either V,, or Vin. 


iL 
IL 
IL 
IH 
1H 





NOTES ON HANDLING 

(1) Sunlight and fluorescent light contain wave lengths 
capable of erasing data. For ceramic package types, 
cover the transparent window with a seal (provided) 
when this chip is in use. However, this seal must not 
contact the lead pins. 

(2) Before erasing, the glass should be cleaned and stains 
such as finger prints should be removed thoroughly. If 
these stains are not removed, complete erasure of the 
data could be prevented. 

(3) Since a high voltage is used to write data, care should 
be taken when turning on the PROM writer's power. 

(4) For the programmable microcomputer (shipped in 
blank or OTP type) , Mitsubishi does not perform 
PROM write test and screening in the assembly pro- 
cess and following process. To improve reliability after 
write, performing write and test according to the flow 
below before use is recommended. 

(5) In EPROM mode, address Aj5 is set to “H” automati- 
Cally. 





Note Since the screening temperature is higher than 
storage temperature, never expose to 150°C ex- 


ceeding 100 hours. 


Floating 


Output 
Floating 
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ABSOLUTE MAXIMUM RATINGS 
Ta 


S 
Supply voltage —0.3to 7 
Input voltage RESET, Xin —0.3 to 7 
Input voltage PQ -P07, P19-P17, P29-P27, 
P3p-P37, P4g-P47, P5q-P57, 
V, Rte es Soe —0.3 to Vec+0. 3 v 
P69-P67, ADVrer, DAVner, 
=a Ste 13 (Noe D 
P3y-P37, P5p-P57, P6y-P67, 
Vo pepe ee ee —0.3 to Vec+0. 3 Vv 
Xout, ¢, RD, WR, R/W, 
RESETour, SYNC 
Sang ape aan ARTI 


Vrer, AVcc 
Input voltage CNVss 

1000 (Note 2) 

| = 40 t0 125 

Note 1 : In EPROM programming mode, CNVsgzg ts 13. 5V. 


Output voltage PQ -P07, P19-P17, P29-P27, 
2 : 500mW for QFP type 






























With respect to Vss 
Output transistors are 
at “OFF” state 












\ 


RECOMMENDED OPERATING CONDITIONS 


(Vec=5V5%, Ta=—10 to 70°C unless otherwise noted) 


Wie | 


Supply voltage 4.75 5. 25 
Supply voltage 


“H” Input voltage RESET, Xin, CNVss (Note 1) 


“H” Input voltage PQ o-P07, P19-P17, P29-P27, 
P39-P37, P49-P47, P5o-P5z, 
P6-P67 (except Note 1) 


“L” Input voltage CNVsg_ (Note 1) 


“L” Input voltage RESET 
“L” peak output current PO o-P07, P19-P17, 
P29-P27, P39-P3z, 
P5So-P57, P6o-P67 


“L” average output current PQ -P07, P19-P17, 
loicavg) P2o-P27, P3o-P37, 
P5o-P57, P6-P67 (Note 2) 


“H” peak output current POQ9-P07, P19-P17, 
lon( peak) P29-P27, P39-P3;, 
P5o-P57, P69-P67 


“H” average output current PQ9-P07, P1o-P17, 
lon(avg) P29-P27, P39-P37, 
P59-P57, P69-P67 (Note 2) 


f(Xin) Clock oscillating frequency 


Note 1 : Ports operate as INT,-INT3(P69-P6.), EV,-EV3(P39-P3.), RxD(P3,) and Soi, ( P36.) 

2 : The average output current lon(avg) and lo.(avg) are the average value during a 100ms 

3 : The total of “L” output current loc(peak) Of port PO, P1 and P2 is less than 40mA 
The total of “H” output current lou(peak) Of port PO, P1 and P2 is less than 40mA. a 
The total of “L” output current lo. (peak) of port P3, P5, P6, R/W, SYNC, RESETour, RD, WR and 
¢ is less than 40mA 
The total of “H” output current loy(peak) of port P3, P5, P6, R/W, SYNC, RESETour, RD, WR and 
¢ is less than 40mA 


Vss 
Vin 
Vin 
Vin 
“L” Input voltage PQ -P07, P19-P17,.P29-P27, 
Vit P39-P37, P49-P47, P59-P57, 
a P6y-P67 (except Note 1) 
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ELECTRICAL CHARACTERISTICS (Vec = 5V+5%, Vss = OV, Ta = —10 to 70C, f( Xin) = 10MHz, unless otherwise noted) 


Symbol Parameter Test conditions 


| Von _| “H” output voltage RD, WR, R/W, SYNC, RESETour, ¢ | low=—2mA 


“H” output voltage PQ -P07, P19-P17, P29-P27, 
p g lo FO? o7P 17 o7P27 Rsyae- nian V4 Vv 
P39-P37, P5o-P57, P69-P67 






















“L” output voltage PO 9-P07, P19-P17, P29-P27, 





Vou 
Vou 
VoL P39-P37, P5p-P57, P6o-P67, 
" RD, WR, R/W, SYNC, RESETour, ¢ 

Vv “L” output voltage PQ -P07, P19-P17, P29-P27, 

Of P39-P37, P59-P57, P6o-P67 

Hysterisis INT;-INT3(P69-P62), EV;-EV3(P39-P3.), 
Vr+—Vr— 
RxD(P34), Sci (P36) 


“L” input current PO9-P07, P19-P17, P2o-P27, 

P39-P37, P4p-P47, P5o-P57, 
P6p-P67, RESET, Xin 
“H” input current PO -P07, P19-P17, P29-P27, 

P39-P37, P49-P47, P5o-P57, 
P6-P67, RESET, Xin 
RAM retention voltage 





Function input level 





























At stop mode 





At system operation 
f( Xin) =10MHz 
At stop mode (Note 1) 


Note 1 : The terminals RD, WR, R/W, SYNC, RESETour, ¢, D-A; and D-Ap: are all open The other ports, which are in the input mode, are connected 
to Vsg A-D converter is in the A-D completion state. The current through ADVper and DAVper is not included(Fig 6) 






Supply current 


A-D CONVERTER CHARACTERISTICS 


/ (Voc = AVoc = 5V, Vss = AVsg = OV, Ta = 25, f(Xin)=10MHz, unless otherwise noted) 


tconv 














Parameter Test conditions 












Resolution 








Absolute accuracy 





Conversion time 














Analog input voltage 











Ladder resistance value = 


Analog power supply input voltage 
Analog power supply input voltage 


Reference input voltage 


















Symbol Parameter Test conditions 


Resolution 








Absolute accuracy Voc= DAVrer=5. 12V 








Output resistance 








Vavss Analog power supply input voltage 


Reference input voltage 


Reference power input current (Each pin) 
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TIMING REQUIREMENTS 
Port/single-chip Mode (Vcc=5V+5%, Vss=0V, Ta=—10 to 70°C, unless otherwise noted) 


Port P2 input setup time 
th( ¢—Ppe2b) Port P2 input hold time 
thc g—psp) Port P3 input hold time 













Unit 


tsu(p20— 







) 
) 
¢) 
) 


tsu(pap— 





¢ 
tsu(psp—¢4 
¢ 


tsu(psp— 
200 






co) 


ree 
w(K 
tw(XinH) External clock input “H” pulse width 

a 


te( Xin) External clock falling edge time 


Ww | w 





20 





~ 


Master CPU bus interface timing (R and W separation type mode) 
(Voc=5V+5%, Veg=0V, Ta=—10 to 70°C, unless otherwise noted) 


Test condition 


oe 
aie 
aa 





Limits 


Symbol Parameter Unit 


thiw—cs) CS hold time 

















tsu(a—R) AO setup time | 40 | 
tsu(a—w) AO setup time Fig 3 | 40 | 
thcr—a~) AO hold time 








thiw—a) 
twir) 
twiw) 
tsu(p—w) Date input setup time before write 


thcw—p) 





AO hold time 
Read pulse width 
Write pulse width 
Date input hold time after write 


Master CPU bus interface timing (R/W type mode) 


(Voc=5V+5%, Vss=0V, Ta=—10 to 70°C, unless otherwise noted) 


Parameter Test condition Unit 


7 wn [— Tye [a 


Symbol 





thce—a) AO hold time 


tsu(rw—e) | R/W_ setup time 
thce—rw) R/W hold time 


tw(e—L) Enable clock “L” pulse width 











tw( eH) Enable clock “H” pulse width 

= 4 

tte) Enable clock falling edge time 

thce—p) Data input hold time after write 
} 


Typ 

—— 
[ae 

ee See 

Fig. 4 i 

| a 

Dec 

ee ie 

| a eee 
—— 

eee 





ns 
ns 
ns 
ns 
ns 
| ns | 
amie 
ns 
ns 
ns 
ns 
ns | 
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Local bus/memory expansion mode, microprocessor mode 
(Voc=5V+5%, Vss=0V, Ta=—10 to 70, unless otherwise noted) 















es a 
ems 
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SWITCHING CHARACTERISTICS 
Port/single-chip Mode (Vcc=5V+5%, Vss=0V, Ta=—10 to 70°C, unless otherwise noted) 


Port PO data output delay time 
Port P1 data output delay time 
Port P2 data output delay time 
Port P3 data output delay time 


Port P5 data output delay time 

Port P6 data output delay time | 
Cycle time 

¢ clock pulse width (“H” level) 

¢ clock pulse width (“L” level) 

¢ clock rising edge time 

¢ clock falling edge time 





Master CPU bus interface (R and W separation type mode) 
(Voc=5V+5%, Vsg=0V, Tg=—10 to 70°C, unless otherwise noted) 


| amits 
Symbol Parameter Test condition T typ Unit 
Typ | Max _| 


Data output enable time after read ee NS ee ee 
Data output disable time after read poo PES 

tpLH(R—prR) | Proy output transmission time after read Ff] 50] ns 
Proy output transmission time after write fT 50 ons 


Symbol Parameter Test condition 
Data output enable time after read 
Data output disable time after read Fig 4 
: Proy output transmission time after E clock 


Local bus/memory expansion mode, microprocessor mode 


(Voc=5V+5%, Vss=0V, Ta=—10 to 70°C, unless otherwise noted) 
A 
A 













































| 
data output delay time after ¢ 

td(wra—p) data output delay time after WR — 

tvig—p) data output effective time after ¢ 
















SYNC delay time after ¢ 
tw RD) RD pulse width 
tvtwed WR pulse width 
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TEST CONDITION 


Input voltage level: Vi, 2. 4V 
Vir 0. 45V 
Output test level > Vo, 2.0V 
Vor 0.8V 





Fig. 3 Test circuit in Fig. 4 Master CPU bus interface Fig. 5 Local bus test circuit 
single-chip mode test circuit 


loc 
(test port) 


Vcc other power 
AVcc supply 
an 


ADVrer 
DAVrer 


D-A1 
D-A2 
RD 
WR 
R/W 
SYNC 
RESET our 


¢ 


Xourt 





Fig.6 loc (at STOP mode) test condition 
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TIMING DIAGRAM 
Port/single-chip mode timing diagram 


toexin) tw(xinH) tWOqn) 





Xin 
to(¢) 
0.8 
t 
— tt¢) trig) 
tsu(Pip—¢) 
Port Pi input 0. 45 Pes 








td(¢—Pip) th(¢—Pip) 








Port Pi output 





Note : Vin=0. 8Vcc, ViiL=0. 16Vec of Xin 


Master CPU bus interface/ R and W separation type timing diagram 


Read 


a A) 


a R) 


2.4 
no i a oe 
tsu(cs—R) thir—cs) 
cs 0. 45 +O = 0. 45 





D| 


DB,-DB,7 
Proy 
. teLH(R—PR) 


2.0 
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Write 





tsu(a—w) thiw—a) 
2. 4 
no Jos | ss cars 
tsu(cs—w) thiw—cs) 
twiw) 
Ww 2.4 2.4 
Ww 0.45 0.45 
thcw—p) 
2.4 
_ ommIDs” 
tsu(pb—w) 


= 2.0 


Proy 


Master CPU interface/ R/W type timing diagram 


AO 


R/W 


read 


DB y-DB; 


write 


DB,.-DB7 





Proy 


tw(eL) tw(eH) 


0. 45 0. 45 i 


tfe) 
tsu(a—e) 


| th(e—a) 
2.4 
0. 45 


op 
8 
hy 


tsu(p—e) 


0. 45 





ta(e—p) 
WiE-p) 


th(e—p) 


2.4 
fos | 


2.0 


cod 
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Local bus timing diagram 















to(g) 
tw(¢H) twiéL) 
2.0 2.0 
$ 0.8 0.8 
td(¢—rw) 
; trig) 
‘a wan 
" 2.0 
0.8 
SYNC 
cl V(@—A) | 
0.8 0.8 
- th(¢—p) 
Dy-D7 2.4 } 
CPU read < 0. 45 ? 
t = 
d(¢—p) — ek 
Do-D7. Z 2.0 i. 
CPU write 0.8 
Ao-Ais 2.0 , 
0. 8 
t 
lala a tyv(RD—a~) 
RD 0.8 0.8 
tsu(pb—AD) threp <6) 
Do-D7 2.4 
4 > 
CPU read 0,45 
t 
ull ty(wr—a) 
— 2.0 
WR 0.8 0.8 
tv(wr—p) 
es fos Sp 
: .8 
CPU write : 
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DESCRIPITION 
The M37450E4TXXXSP/J is a single-chip microcomputer PIN CONFIGURATION (TOP VIEW) 
designed with CMOS silicon gate technology. It is housed 
in a 64-pin shrink plastic molded DIP or 84-pin plastic P36/Soic + 
molded QFJ (PLCC). The features of this chip are similar P3./TxD «> pa ee Eolereneae 
to those of the M37450M4-XXXSP except that this chip has 1/0 port P3,/RxD + [4] — D-A, 
a 8192 bytes PROM built-in. This single-chip microcompu- i P33/PWMout HAs 
ter is useful for office automation appliances and consumer P32/EV3 + + P4o/ANo ida 
appliance controllers. P3,/EV2 +— P4,/ANjf port P4 
In addition to its simple instruction sets, the PROM, RAM PSo/EV: +» + P42/AN2 
and I/O addresses are placed on the same memory map to eee si ey 
enable easy programming. It also has a unique feature that a oe 3 _ Sik 
enables it to be used as a slave microcomputer. P5,/DB, + ** POs/As | 1/0 port 
The difference between the M37450E4TXXXSP and the P5,/DBs +* = ++ P0,/A, { PO 
M37450E4TXXXJ is the package outline. P5,/DB,/CE + a ++ P0s/As 
P5,/DB,/OE aad oi +> P0,/Ag 
P50/DBo/PGM ++ m +> P07/Az 
FEATURES P6,/W + ~ +> P1o/Ag 
@ Number of basic instructions: ::::::trettc eee tee ete ee eee eens 71 P6_/R +> 25 }+> P14/Ag 
69 MELPS 740 basic instructions ++ 2 multiply/divide ee O ee TINO 
instructions oo ee - = Pis/AW| V0 port 
P63/Prpy > P14/Ajof PA 
@ Memory size PROM vorrrrrercretereeeeee ere teens 8192 bytes P6,/INTs + 
RAM Se ee irr 256 bytes P6,/INT> + 


@ Instruction execution time 
(minimum instructions at 10 MHz frequency) ---:- 0.8us 


Read/Write 


status output 


P6o/INT, 


R/W + [ 


+ P17/A45 
— P29/Do 


@ Single roYO\U7 = 1a} 0] ©) ©) \ ater 5V+5% Synchronous signal SYNC + + P2,/D, 
@ Power dissipati | ti d ns CNVse(Vep~* sa eea Nae 
pation normal operation mode ceded 
(at 10 MHz FrEQUENCY) crrrirrrteteettetetteettee tent eens 30mW Reset input RESET > ++ P2;/D3 Mee port 
@ Subroutine nesting -ccccecceeeeee cette eee ee ees 96 levels max. oe . ree 7 ie 
@ Interrupts: cece erect eet eee e rset teettetteetteeeaeens 45 events Finns abu as ie a ea76. 
@ Master CPU bus interface ocr rere teeter cere eee tenes 1 byte + P2,/D, 
e 16-bit timer PROC e meme e emer ners rename nese ens rare esseeeeresseeerenseeere 3 
@ 8-bit timer (Serial 1/O use) ee tree OT ee Ter ty ree Ter ere 1 
@ Serial 1/O (UART or clock synchronous) «1rrrserre eee 1 bag 3 
@ A-D converter (8-bit resolution) -::--:- ‘+ 3 channels (DIP) ae ‘ S. 
8 channels (QFJ) ; ; ~e 
@ D-A converter (8-bit resolution) --::+++77+-+++++ 2 channels in fg 
@ PWM output (8-bit or 16-bit) i esico salah aethin Via uid aihd Bee Wald Abarat { 
@ Programmable |/O ports 
(Ports PO, P1, P2, P3, P5, P6) pi dyes Wage a ah Ri Nay uae eee 48 
@ Input port (Port P4) Nase Fale nae AN a Rae 3 (DIP), 8 (QFJ) 
@ Output ports (Ports D-A,, D-A>) LiGatigh cena Gae anda sane See Nie y) 
@ PROM (equivalent to the M5L2764) 
program voltage Meme meee rere rere eee sere nee erereresvesseecsene 21V M37450E4TXXXJ 
Ele ova 
APPLICATION el + POr/Ay 


Slave controller for PPCs, facsimiles, and page printers 
HDD, optical disk, inverter, and industrial motor controllers 
Industrial robots and machines 


+ P14/Ay0 
— P15/Ai3 


on 
DS} 
or 
a 


P1s/Aq5 <> 
Pi¢/Ay4 <> 


Outline 84P0 





NC : No connection 
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M3Z450E4TXXXJ BLOCK DIAGRAM 


Clock Clock Timing Reset Reset 
input output output input output eee 
Xin Xout ? RESET RESETour WR RD R/W SYNC Voc Ves 





i 


Data bus 





Program § Program 
counter ¥ counter 
PCH(8) # PCL(8) 






Clock generating 
; circuit 
















Processo 
status 
register 
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FUNCTIONS OF M37450E4TXXXSP/J 


a 
Number of basic instructions 71(69 MELPS 740 basic instructions+2) 
instruction execution time 0. 8s (minimum instructions, at 10MHz frequency) 
Clock frequency 10MHz (max.) 
| (PROM CC 8192 bytes 
Memory size 
PO-P3, P5, P6 


8-bitX6 


ngaoupatpor ce el ae CC re 


D-A 2-bitX1 
Serial 1/O UART or clock synchronous 
" 16-bit timer X3, 
Timers 
8-bit timer (Serial |/O baud rate generator) <1 





















6 external interrupts, 8 internal interrupts 
a oreo 


Power dissipation 30mW (at 10MHz frequency) 


a ees 
Package 






Input/Output characters 
: 5 Output current z-5mA (max.) 


M37450E4TXXXJ 84-pin plastic molded QFJ (PLCC) 
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PIN DESCRIPTION (normal mode) 


Input/ 


Output Functions 


Power supply inputs 5V+5% to Vcc, and OV to Vsg 


Controls the processor mode of the chip. Normally connected to Vss or Vcc. 


To enter the reset state, the reset input pin must be kept at a “L” for more than 8 clock cycles (under nor- 
mal Vcc conditions) If more time is needed for the crystal oscillator to stabilize, this “L” condition should 
be maintained for the required time 


Supply voltage 


— 


Xin Clock input 
Xourt Clock output 
Timing output 





<< 


This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the Xiy and Xour pins. If an external clock is used, the clock 
source should be connected to the Xjy pin and the Xour pin should be left open. 


Outputs signal consisting of oscillating frequency divided by four 


SYNC 


Synchronous This signal is output “H” during operation code fetch and is used to control single stepping of programs. 


signal output 






© 
| 


R/W Read/Write This signal determines the direction of the data bus. It is “H” during read and “L” during write 


status output 






PO ,-P0O7 1/O port PO /O Port PO is an 8-bit 1/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output The output structure is CMOS output. The low-order bits of the address are output except 
in single-chip mode. 

P19-P17 I/O port P1 1/0 Port P1 is an 8-bit I/O port and has basically the same functions as port PO The high-order bits of the 
address are output except in single-chip mode 

P29-P27 1/O port P2 1/0 Port P2 is an 8-bit |/O port and has basically the same functions as port PO. Used as data bus except in 
single-chip mode. 

P39-P37 I/O port P3 /O Port P3 is an 8-bit I/O port and has basically the same functions as port PO Serial 1/O, PWM output, or 
event |/O function can be selected with a program. 

P4-P 4. Input port P4 Analog input pin for the A-D converter The 64-pin model has three pins and the 84-pin model has eight 

(P49-P4,) pins. They may also be used as digital input pins 

P5)9-P57 1/O port P5 1/0 Port P5 is an 8-bit 1/O port and has basically the same functions as port PO. This port functions as an 8-bit 
data bus for the master CPU when slave mode is selected with a program. 


P65-P67 I/O port P6 /O Port P6 is an 8-bit I/O port and has basically the same function as port PO Pins P63 to P67 change to a con- 
trol bus for the master CPU when slave mode ts selected with a program. Pins P69 to P62 may be program- 





med as external interrupt input pins 


D-A,, D-A, | D-A output Analog signal from D-A converter is output. 







Reference voltage 
input 


Vrer Reference voltage input pin for A-D and D-A converter This pin is for 64-pin model only 


ADVrer A-D reference 


Reference voltage input pin for A-D converter This pin is for 84-pin model only 
voltage input : 


DAVrer D-A reference 


voltage input 


AVss Analog power supply 


Analog power supply 


Reference voltage input pin for D-A converter This pin is for 84-pin model only. 


Ground level input pin for A-D and D-A converter. Same voltage as Vss is applied. 








Power supply input pin for A-D converter. This pin is for 84-pin model only. Same voltage as Vcc is applied. 
In the case of the 64-pin model, AVcc is connected to Vcc internally 


Read signal 


Control signal output as active “L” when valid data is read from data bus This pin is for 84-pin model only. 
output 


< 
Q 
fo) 


Write signal 
output 


Control signal output as active “L” when writing data from data bus to external component This pin ts for 
84-pin model only. 





RESETour Reset output 


Control signal output as active “H” during reset It is used as a reset output signal for peripheral compo- 
nents. This pin is for 84-pin model only. 


fl 
Bt] 
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PIN DESCRIPTION (EPROM mode) 


Output 
elms 


SYNC Synchronous 
signal output 
R/W Read/Write 
status output 
PO -P07 1/O port PO 
P19-P17 1/O port P1 


P25- P27 VO port P2 
P39-P37 1/O port P3 Input 


P4)-P4, Input port P4 
(P49-P47) 
P59-P57 140 port P5 


eis | it 


Vrer Reference voltage 
input 

ADVrer A-D reference 
voltage input 

DAVrer D-A reference 
voltage input 


Read signal output 


Write signal 
output 


Power supply inputs 5V+5% to Voc, and OV to Vss 


Connect to Vpp when programming or verifing. 


Connect to Vss 


Connect a ceramic or a quartz crystal oscillator between Xij and Xour for clock oscillation 


For timing output 


Kept to open (“L” signal is output) 









Kept to open (“H” signal is output). 





PO works as the lower 8-bit address input 





£ 


P1 works as the higher 8-bit address input. 
P2 works as an 8-bit data bus 
Connect to Vss 


Connect to Vsg (The 80-pin model has eight pins P49 to P47). 





P5o, P5,, P52 works as PGM, OE, and CE inputs respectively Connect P53 and P5, to Vcc and P5s to P57 to 
Vss 





Connect to Vss. 
Kept to open 


Connect to Vgs. 


Connect to Vss 


Connect to Vss. 


Connect to Vss 


Connect to Vss 





Kept to open (“H” signal is output) 


Kept to open (“H” signal is output). 





Kept to open (“H” signal is output) 


ili 
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EPROM MODE 

The M37450E4TXXXSP/J features an EPROM mode in 
addition to its normal modes. When the RESET signal level 
is low (“L”) and CNVgg/Vpp signal level is high (“H”), the 
chip automatically enters the EPROM mode. Table 1 list the 
correspondence between pins and Figure 1 and Figure 2 
give the pin connections in the EPROM mode. When in the 
EPROM mode, ports PO, P1, P2, P59 to P5. and CNVsggz are 
used for the PROM (equivalent to the M5L2764). When in 
this mode, the built-in PROM can be written to or read from 
using these pins in the same way as with the M5L2764. The 
oscillator should be connected to the Xiy and Xoyr pins, or 
external clock should be connected to the Xj pin. 


—— P3,/Srapy > 
P36/Scux > 
P3;/TxD +> 
P3,/RxD +> 
P33/PWMour 
P3,/EV,; > 
P3,/EV> > 
P39/EV, 
P5,/DB, 
P5,/DB. 
P5;/DBs +> 
P5,/DB, 
P5,/DB3 «> 
P5,/DB2/CE + 
P5,/DB,/OE + 
P5,/DBo/PGM + 
P6,/W + 

P6./R +> 

P6;/CS + 

P6,/A0 + 
P63/Prpy 
P6./INT3 +> 
P6,/INT> +> 
P6/INT, +> 

R/W — 

SYNC + 
——— CNV¢5/Vpp > 
RESET > 

Ceramic oscillating circuit ee 


$— 


dSXXXLVANSPLEWN 





Table 1. Pin function in EPROM mode 


Pa 
[P5,/0B/GE [~~ 
(OE —S*dYS PS 0B,/OE «|S 
PeaM | P&:/DB/eGM 











Data I/O 


Se ol 
| Voc 
Mba 
| Vss 
| DatavO 


Voc 

Vpp 

Vss 

Address input 
CE 

PGM 


Voc 

AVss 
+ Vrer 
+ D-A, 
+ D-A> 
+ P4,/AN, 
+ P4,/AN, 
— P4,/AN> 
+> P0o/Ao 
++ P0,/A, 
+> P0,/A; 
++ P03/A3 —————s) 
> PO,/A, 
+> P0s/As 
+> P0¢/Ag 
> P0,/A, —— A) 
<> P4o/Ag ———— ss) 
> P1,/Ag ———©) 
+ P15/Aio 
+ P1/Ai; 
+> P14/Aro 
> P16/Aig 
+> P16/Aig 
> P15/Ayg —— 
+> P2o/Dy ——— (0) 
++ P2,/D, —— ©») 
++ P2,/D» 
+> P2,/D3 
+> P2,/D, 
+> P2./Ds 
+> P26/Dg 
<> P2,/D, 


Ae) 
ey) 


GC) : Same functions as M5L2764 


Fig. 1 Pin connection in EPROM mode (64-pin model) 
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< 
8 
: 


<> P3s/EVa 
fa] <> P33/PW 
nj«> P34/RxD 
j=|<> P35/TxD 
wt P36/Scik 


+> P3/EV; 
jo|<+> P3,/EVo2 
++ P37/Sroy 


— 
_ 


COOOL) 


M37450E4TXXXJ 


@) 


© 


RESETour + {$! 
P17/A15 + fa 
P16/A14 <> [8 


Ceramic 
oscillating 
circuit 


C) : Same functions as M5L2764. 





Fig. 2. Pin connection in EPROM mode (84-pin model) 
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PROM READING AND WRITING 

Reading ee 

To read the PROM, set the CE and OE pins to a “L” level, 
and the PGM pin to a “H” level. Input the address (Ag to 
Ai2) to be read and the data will be output to the 1/O pins 
D>, to D7. The data I/O pins will be floating when either the 
CE or OE pins are in the “H” state. 


Writing 
The PROM is programmed at the factory already and do 
not use the writing mode. 


Table 2. 


— 


1/O signal in each mode 


Programming verify 
Program disable 


= a ae 
eT a A Pulse(VinVin) 
a es 


NOTES ON HANDLING 

(1) Since a high voltage (21V) is used to write data, care 
should be taken when turning on the PROM writer's 
power. 








Note 1 : Vi and Vj, indicate a “L” and “H” input voltage, respectively. 
2: An X indicates either Vi. or Vix. 
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ABSOLUTE MAXIMUM RATINGS | 


Symbol | Parameter = | CC Conitions S| Ratings, «=| Unit 
vase il eupaiyvotege =e, ae 


Vi | tnput voltage RESET. Xv SSC” [03007 | v 
Input voitage PQ 9-P07, P19-P17, P29-P27, 
P39-P37, P49-P47, P59-P57, 
P69-P67, ADVrer, DAVrer, With respect to Vss nee NO Neer 0:3 
Vrer, AVcc Output transistors are 
Output voltage PO 9-P07, P19-P17, P29-P27, 
P39-P37, P59-P57, P6-P67, 
RESETour, SYNC 
| Pa 


Ta= 250 | 1000 | mw 





Note 1 : In PROM programming mode, CNVgs is 22. OV. 


Voc V 

V; V 

V; yy, 

V; V 

Vo Vv 
[—40t08s | CCS 


RECOMMENDED OPERATING CONDITIONS 


(Vec=5V+5%, Ta=—40 to 85 unless otherwise noted) 


< Oo 
5] (8 


Limits 
y 






Unit 


Parameter 


Supply voltage 

[ Vss Supply voltage 

| Vin _| “H” Input voltage RESET, Xin, CNVss (Note 1) 

Ye “H” Input voltage PO9-P07, P19-P17, P2o-P2,, 
P39-P37, P4qg-P47, P5-P5z, 

Ve “L” Input voltage Xin 


Vss 
Vin 
Vin P39-P37, P49-P47, P59-P57, 
“L” Input voltage CNVss (Note 1) 
Vie 
PG -P6, 
Vie 
Vir 


Bo] 



















2 
® a 
~ 
0 oO 
fe) 
o 










Vcc 










~ 
° 


< 





0. 2Vcc 






(except Note 1) 





P6-P67_ (except Note 1) 
fe “L” Input voltage PQo-P07, P1-P17, P2o-P27, 
PV “L” Input voltage RESET 





-12Vec 
- 16Vcc 


Vv 


[=) 










“L” peak output current PO o-P07, P1o-P17, 
P29-P27, P3o-P37, 

P59-P57, P6-P67 
“L” average output current PQ 9-P07, P1o-P17, 
P29-P27, P3o-P37, 

: P5 9-P57, P6o-P67 
“H” peak output current PQ9-P07, P19-P17, 
P29-P27, P39-P37, 

P59-P57, P6o-P67 
“H” average output current PQ9-P07, P19-P17, 
P29-P27, P3o-P37, 

P5o-P57, P69-P67 







lo-(peak) 


locavg) 
lon(peak) 


lon(avg) 


f(Xin) Clock oscillating frequency 


Note 1 : Ports operate as INT,-INT3(P69-P62), EV;-EV3(P39-P32), RxD(P34) and Soix(P3¢) 

2 : The average output current lon(avg) and lo.(avg) are the average value during a 100ms 

3 : The total of “L” output current lo.(peak) Of port PO, P1 and P2 is less than 40mA. 
The total of “H” output current lou(peak) Of port PO, P1 and P2 is less than 40mA. Eee oe 
The total of “L” output current lo. (peak) of port P3, PS, P6, R/W, SYNC, RESETour, RD, WR and 
¢ is less than 40mA = eat eens 
The total of “H” output current lon(peak) of port P3, P5, P6, R/W, SYNC, RESETour, RD, WR and 
¢ is less than 40mA. 














(Note 2) 


eit: 
> 














ie baie! 
a 
> > 


Pa fe 
oi 








(Note 2) 





i‘ 


i : 
> 
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ELECTRICAL CHARACTERISTICS (Vcc = 5V+5%, Vss = OV, Ta = —40 to 85°, f( Xin) = 10MHz, unless otherwise noted) 


Symbol Parameter Test conditions 




















Twin | typ. [Max] 
“H” output voltage RD, WR, R/W, SYNC, RESETour, ¢ | lox=—2mA Vec—1] 
“H” output voltage PQ -P07, P19-P17, P2o-P27, 
V lon=—5mA Voc—1 V 
“L” output voltage P0Q9-P07, P19-P17, P29-P27, . 
VoL P39-P37, P59-P57, P60-P6,, lop =2mA 0. 45 V 
RD, WR, R/W, SYNC, RESETour, ¢ 
; “L” output voltage POo-P07, P19-P17, P2o-P27, 
VoL p g on F U7, Pig-F'l7, Péo-P27 ice SiA Vv 
P39-P37, P5p-P57, P6y-P67 
Hysterisis INT,-INT3( P6o-P62), EV,-EV3(P39-P32), 
Vr4—Vr— Function input level : 
RxD(P34), Scix(P3¢) 
Hysterisis RESET ee 














liv 


Hysterisis Xj 

“L” input current POQo-P07, P19-P17, P2o-P27, 

P39-P37, P4o-P47, P5o-P57, 

P6-P67, RESET, Xin 

“H” input current PQ9-P07, P19-P17, P2o-P27, 
P39-P37, P49-P47, P5o-P57, 
P69-P67, RESET, Xin 

RAM retention voltage 
























At stop mode ees ee ee 


At system operation 
, . 15 mA 
(Xin) =10MHz 





Supply current 





At stop mode (Note 1) 


Note 1 : The terminals RD, WR, R/W, SYNC, RESETour, ¢, D-A; and D-A, are all open. The other ports, which are in the input mode, are connected 
to Vsg A-D converter is in the A-D completion state. The current through ADVper and DAVper is not included(Fig.6) 





A-D CONVERTER CHARACTERISTICS 


(Voc = AVoc = 5V#5%, Veg = AVgg = OV, Ta = —40 to 85, f(Xn)=10MHz, unless otherwise noted) 


; | Waee:—! Analog power supply input voltage 
Analog power supply input voltage 










Test conditions 
Vec= DAVrer=D. 12V 
Reference input voltage 


 Jisavaee! Reference power input current (Each pin) 
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TIMING REQUIREMENTS 
Port/single-chip Mode (Vcc=5V+5%, Vss=0V, Ta=—40 to 85°C, unless otherwise noted) 


P Limits 
Symbol Parameter Test condition 

























Port P4 [Pot P4 inputholdtime hold time 





Master CPU bus interface timing (R and W Separaon type mode) 
(Voc=5V+5%, Vss=0V, Ta=—40 to 85, unless otherwise noted) 


CS hold time 
Fig 3 


Limits 










Master CPU bus interface timing (R/W type mode) 


(Voc=5V15%, Vss=0V, i titchainantoi to 85, unless otherwise noted) 


R/W_ hold time aaa 
Enable clock “L” pulse width 

Enable clock “H” pulse width 

Enable clock rising edge time 


— 
© 





























tte) Enable clock failing edge time 
Data input setup time before write 
th(e—p) 











Data input hold time after write 
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Local bus/memory expansion mode, microprocessor mode 
(Voc=5V5%, Vss=0V, Ta=—40 to 85, unless otherwise noted) 


th( ¢—p) Data input hold time Fig 5 






Data input setup time 
th(RD—pb) Data input hold time 
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SWITCHING CHARACTERISTICS 
Port/single-chip Mode (Vcc=5V+5%, Vss=0V, Ta=—40 to 85°C, unless otherwise noted) 


| Min | 
= 
feel 
aes 
ret 
<i 
i00 
190 
¢ clock pulse width (“L” level) 


tro) ¢ clock rising edge time ae) 
¢ clock falling edge time are 












Master CPU bus interface (R and W separation type mode) 
(Voc=5V+5%, Vss=0V, Ta=—40 to 85°C, unless otherwise noted) 


Data output enable time after read 

Data output disable time after read 
——— ‘ Fig 4 

Proy output transmission time after read 

Proy Output transmission time after write 















Symbol Parameter Test condition [Min | Typ. | 
Typ. | Max. _ 





Proy output transmission time after E clock 





Local bus/memory expansion mode, microprocessor mode 
(Voc=5V+5%, Vss=0V, Ta=—40 to 85°C, unless otherwise noted) 


| Min 
is 
pee 
ios 
moe 
pag 
data output effective time after WR 
aes 
aa ee 
re ane 
Eros Baer ieee 
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TEST CONDITION 


Input voltage level > Vi, 2. 4V 
Vir 0. 45V 
Output test level: Vo, 2.0V 


VoL 0. 8V 





Fig. 3 Test circuit in Fig. 4 Master CPU bus interface Fig. 5 Local bus test circuit 
single-chip mode test circuit 


loc 
(test point) 


other power 
supply 
cS 





Fig.6 Icc (at STOP mode) test condition 
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TIMING DIAGRAM 
Port/single-chip mode timing diagram 


to(xy) twOxyH) twixjnt) 











tox) 


toi) 


r 2.0 
2.0 2.0 
¢ 0. 8 0.8 

tw( aH) tea) 


tsu(pip—¢) 
04 2.4 
Port Pi input 4 b 
0. 45 0. 45 


thi¢—pip) 






td(¢—pip) 


Port Pi output ( 2.0 
0.8 


Note : Vin=0. 8Vcc, Vi=0. 16Vec of Xin 


Master CPU bus interface/ R and W separation type timing diagram 


Read 


tsu(a—r) thir—a) 


_ 
yea 
ae 


AO ¢ 


wl 


DBy-DB, 





r 2.0 


Proy 
tpLH(R—pR) 
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Write 


tsuca—w) thiw—a) 


, Z : r 
A0 hos | | tg 


tsu(cs—w) th(w—cs) 





ieee 
Ww 2.4 2.4 
wv 0. 45 0. 45 
thiw—pb) 
2.4 
ia . 0 : >? 0. 45 
tsu(p—w) 


2é0 





Pr DY ‘ 


Master CPU interface/ R/W type timing diagram 


tw(eL) twien) 
E 0. 45 0. 45 i Ms 0. 45 
tf(E) 
tsu(a— E) i 
(E—A) 





AO 74 
R/W 0. 45 


th(e—cs) 
CS 
0. 45 if 0. 45 


read 


min 
DB,-DB; 


ta(e—p) at 
V(E—D) 


tsu(p—e) 7 
E—D) 


write 
bie ib 
DB,-DB7 : 


2.0 


Proy : 
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Local bus timing diagram 


R/W 


SYNC 


Ao-Ais5 


Do-D7 
CPU read 


Do-D7 
CPU write 


Ao-Ais 


Do-D; 
CPU read 


WR 


Dy-D, 
CPU write 


td(¢—rw) k ( 
= P| 


pee pe 
a: 


td(¢—p) 


\/ 


tw(rp) 


ae za = 


tsu(p—rb) | esas 


twcwr) 
ty(wra—a) 


ty(wr—p) 


j 
vy, 
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1E4-XXXSP/FP/GP,M37451E4SS/FS 


M37451E8-XXXSP/FP/GP,M37451E8SS/FS 
M37451EC-XXXSP/FP/GP,M37451ECSS/FS 





DESCRIPTION: 

The M37451E4-XXXSP/FP/GP is a_ single-chip micro- 
computer designed with CMOS silicon gate technology. It 
is housed in a 64-pin shrink plastic molded DIP-or a 
0.8mm-pitch or 0.65mm-pitch 80-pin plastic molded QFP. 
The features of this chip are similar to those of the 
M37451M4-XXXSP/FP/GP except that this chip has a 8192 
bytes PROM built in. 

In addition to its simple instruction sets, the PROM, RAM, 
and !/O addresses are placed on the same memory map to 
enable easy programming. 

It is suited for office automation equipment and control de- 
vices. The low power consumption made by the use of a 
CMOS process makes it especially suitable for battery po- 
wered devices requiring low power consumption. It also 
has a unique feature that enables it to be used as a slave 
microcomputer. 

Since general purpose PROM writers can be used for the 
built-in PROM, this chip is suitable for small quantity pro- 
duction runs. 

The differences among M37451E4-XXXSP/FP/GP, M37451 
E8-XXXSP/FP/GP and M37451EC-XXXSP/FP/GP are as 
shown below. The M37451E4SS/FS, M37451E8SS/FS and 
M37451ECSS/FS are the window type. The descriptions 
that follow describe the M37451E4-XXXSP/FP/GP unless 


otherwise noted. 









EPROM (Window type) 


Type name 
M37451E4SS/FS 
M37451E4-XXXSP/FP/GP 


M37451E8SS/FS 

16384 bytes! 384 bytes 
M37451E8-XXXSP/FP/GP 
M37451ECSS/FS 

24576 bytes| 512 bytes 


M37451EC-XXXSP/FP/GP 
The number of analog input pins for the 80-pin model (FP, 
GP version) is different from the 64-pin model (SP version). 
In addition, the 80-pin model has special pins for RD, WR, 
RESETout, DAVrer, ADVrer, AVcc and the 64-pin model 
has a special Veer pin. 


8192 bytes| 256 bytes 
One-time programmable 


EPROM (Window type) 
One-time programmable 
EPROM (Window type) 


One-time programmable 













FEATURES 
@ Number of basic instructions Ke Re ER oe ee ee ee oe ere ie 71 
69 MELPS 740 basic instructions+2 multiply/divide 
instructions 
@ Instruction execution time 
(minimum instructions at 12.5MHz frequency) --:: 0.64us 


@ Single power supply Sin 6 rataty 16s new blateie Se Wioie doe ee ee stale ware 5V+10% 
@ Power dissipation normal operation mode 

(at 12.5MHz frequency) Ssh al week sun npinee teeeeeweseed 40mW 
@ Subroutine nesting :--:------:-- 96 levels max.(M37451E4) 


96 levels max.(M37451E8) 
128 levels max.(M37451EC) 
e Interrupt eee ee eee a ee oe ee re ee oa eee 15 events 





PROM Version of M37451 Group 


PIN CONFIGURATION (TOP VIEW) 


P37/Sroy > 1 Voc 
AVss 

+ Vrer Reference voltage input 
61] +> D-A, 
60] > D-Az 
+ P49/ANo 
P3,/EV2 + + P4,/AN,; Input port P4 
P3/EV, + [8] +— P4,/AN> 
P57/DB, ++ 19! ++ P0o/Ao 
55] +> PO,/A; 
++ P0/A. 
++ P03/A3 


P3./TxD 
10 port P3 P3,/RxD + [4] 


D-A output 
P33,/PWMourt + 


P5,/DB, +> 
P53/DB3 +> 

P5./DB,/CE + [14 

P5,/DB,/OE + 

P5o/DBo/Ai4 + [16 
P6,/W + 
P65/R + 


1/O port P5 1/O port PO 


SIE +> POs/As 
50] +* P0¢/Ag 
49] ++ PO7/A, 


dSXXX-OALSPLEW 
io 

dSXXX-84 LSVLEW 
4JO 

dSXXX-vAlLSrZEW 


++ P1,/Ag 
P6,/A0 + +> P15/Ai; 
44] +> P14/A12 
++ P15/Ai3 
+> P1,/Ars 

+> P17/Ais 
140} +> P2o/Do 


1/0 port P6 1/0 port P1 


SSO cabccin 
J 

SS84LSPZEWw 
4O 

SSvAlLSPLEW 


status output 


Synchronous SYNC — 
signal output 
CNVgs/Vpp ++ P2,/D2 
++ P2,/D3 
1/O port P2 
Clock input 


Clock output + P2./Ds 
Timing output +> P2./Dg 
++ P2,/D, 


64P4B (OTP) 
64S1B (Window) 


Outline 


t Master CPU bus interface ees re ee ae ee re ee ee er ee a 1 byte 
@ 16-bit timer cece ccc cree eee nee teen eee e ener rene 3 
@ 8-bit timer (Serial I/O USE) sree terete terete eter ete { 
@ Serial 1/O (UART or clock synchronous) -71::7*t+7tt eet 1 
@ A-D converter (8-bit resolution) --::-:-:: 3 channels (DIP) 

8 channels (QFP, QFN) 
@ D-A converter (8-bit resolution) --:::+:7.:ss0+ 2 channels 
@ PWM output with 8-bit prescaler 


(Either resolution 8 bit or 16 bit is software selectable) ---1 
@® Programmable !/O ports 


(Ports PO, P1, P2, P3, P5, P6) ste eiadierv'nse. ¥igilca ertveverseie ie shiv waters 48 
@ Input port (Port P4) - rere 3(DIP), 8(QFP, QFN) 
® Output ports (Ports D-Aj, D-A>) seer cece cere ce ceneeeeeeceneneces 2 
@ PROM (equivalent to the M5L27256) 

Program voltage brio le aia “wiTet aco alseisaie weceU'e wieie eel ww sel ei'aslere ale veers; re iatesaee haverevels 12.5V 
APPLICATION 


Slave controller for PPCs, facsimiles, and page printers. 
HDD, optical disk, inverter, and industrial motor controllers. 
Industrial robots and machines. 
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PIN CONFIGURATION (TOP VIEW) 


P45/ANo —+ 
D-Ao < 
D-Ay <— 

DAVpee — 

ADVrer — 

AVss 
AVcc 
Vcc 
_Vss 
P37/Sroy 
P36/Scik 
P35/T,D 
P34/RyD 

P33/PWMout 
P30/EV3 

NC 


fit pit 


P49/ANo 
P4,/AN, 
P49/ANo 
D-Ao 
D-A, 
DAVrer 
ADVrer 
AVss 
AVcc 
Voc 

Vss 
P37/Srpy 
P3¢6/Scik 
P35/T,xD 
P34/RxD 
P33/PWMout 
P32/EV3 
NC 

NC 
P3,/EV2 





tettts 















M37451E4-XXXFP 
M37451E8-XXXFP 
M37451EC-XXXFP 
M37451E4FS 
M37451E8FS 
M37451ECFS 
TERIA TIAL za 
ee ee ae ee a ae ae ee ee a 
mA MO OF OULU Ojo, 4,°,9 .7|c/0 O§5 
Bea dlolo Jeo Pe eesle's 2 3 
Ses eOnHMAeAcGO VRS om Ww 
ciegeooo “gers it 
ee ‘ 
Outline B0PEN (OTP) 
80D0 (Window) 
7 cir dr i rg a ee a a 
S625 44425644 <2 250454 
aAdononeeoooeoooooooe 
LALLA AT Etat et eh tt o4 
col[sofsel 7566] safsalsoys1 | sof eol afer] eles] aa] eal aa] a 
NC 
++ P29/Do 
- P2,/D; 
+ P2./Do2 
+> P23/D3 
M37451E4-XXXGP esp: 
or +> P2.6/Deg 
M37451E8-XXXGP Pee 
or — ¢ 
M37451EC-XXXGP Ne 
— Xout 
+ Xin 
NC 
RESET 


SYNC 


Outline 80P6S 


CNVss/Vpp 


= CNVss/Vpp 
oe RESETout 


NC : No connection 
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M37451E4-XXXSP/M37451E4SS BLOCK DIAGRAM 





Clock Clock Timing Reset 
input output output input _ 
Xin Xout p RESET R/W SYNC Voc Vss 


Data bus 








ae are 





Clock generating. 
circuit 


yy egister 
RAM Program } Program haeoemerens.d (16) (16) =i (8) 
7 counter 
26 | | Fen = Bik PERE 





_~ 
—A 
ae 

— 


8 
ai 


|| “a | 
H [ 
I, 


i 
i 


‘EES Instruction 
a 
te arta — —— 


Control signal 


J 
= 
3 
@ 
w 


—— width 
modulator 








Processor 
status 
register 
PS (8) 







Index 
register 







Multiplier{ 
/divider 










INT2 


INTs are 


ai | Le A 
& | Bus interface ee onvel ane foo 5] 
| Eee A AT 


hime ae Mode| 
fae 
areas Ce = caer — | Pats) 
i Hi mn UU iy 
ALLL=S 
SOE) FLV a He ae 








CME ILIR LILI) - —60€) atl ee 49E0EIE3O3E469E9 
— Ae a ERE D-A,\~——_~.-__~ eH - BLE 
I/O port P6 1/O port P5 Vrer Input port P4 D-Az 1/O port P3 aie, ee a port Pi 1/O port PO 


Note 1 : 384 bytes for M37451E8-XXXSP/M37451E8SS and 512 bytes for M37451 EC-XXXSP/M37451ECSS. 
2: 16384 bytes for M37451E8-XXXSP/M37451E8SS and 24576 bytes for M37451 EC-XXXSP/M37451ECSS 


SA/SSOATSPLEW d9/dA/dSXXX-JATSPZEW 
S4/SSSATISPZLEW ' d9/dj/dSXXX-SATSVZEW 
S4A/SSVAISVLEW d9/dj/dSXXX-vATSPZEW 


dnoiy ISPZEW 3° UOISIZA WOUd 
SUA LNdUWODOUDIW IHSISNSLIW 





ae 


Ele—e 


M37451E4-XXXFP/M37451E4FS BLOCK DIAGRAM 








Clock Clock Timing Reset Reset 

input output output input output 

Xin Xourt ¢ RESET RESETour WR RD R/W SYNC Voc Vss 
28) 


Note 1: 
2 








INTs 


Bus 
interface 
A\ a wy ae 


a) a? aan @—~—-O-B- - — - —@ —O@-@ -— - —-—- —-—- —-—-—-—-— -—-—- =] 


Data bus 


——7 ame emer Timer 1 = ae ae 
— Ss Soncs : 
Timer = lau ‘ latchK-——> z 


1] 
(16) a 
T2 S| decoder 
—-} Timer 3 on : a 
I Lae Pp 


Control signal 


+7 
i 


i 


ee width 
modulator 












= 
=araee we 





Interrupt 
= 5 





A-D 
ae | APmal[senv) 


eres | | p58) (ee p4(8) =e } p28) Pt He ae 
Sree mmm OMHE UE nih ity I] nt Ta 


ae S f TJ : yj ; qj : TY j q i qj ) 


raion | 






I 
' 
I 
t 
\ 
1 
1 
\ 
l 
1 
1 
| 
I 
! 
i 
I 


CAMMN NAAN I— - ees ait shabbone ri ull sic eae SS sondage aS 
er ey CNVsg¢/V 
1/O port P6 1/O port “10 por PB) vie prrncrrms port P4 D- te Open Ps port P3 I/O port VOpaes cio ae port P1 1/O port “iO ceere. eis 
AVcc DAVrer 


384 bytes for M37451E8-XXXFP/M37451E8FS and 512 bytes for M37451EC-XXXFP/M37451ECFS 
16384 bytes for M37451E8-XXXFP/M37451E8FS and 24576 bytes for M37451EC-XXXFP/M37451ECFS 


dnoiy TSPZEW 30 UOISI8A WOUd 


S4A/SSOATSPLZEW d9O/dja/dSXXX VATSPZEW 


‘d9/da/dSXXX-SATISVZEW 


S4A/SSS8ATSPZEIN 
SA/SSVATSVZEW d9/dA/dSXXX-VATSPZEW 


SUA LNdMUWODOUSDIW IHSISNSLIW 





\ 

Ww 
RO 
— 
t 





M37451E4-XXXGP BLOCK DIAGRAM 


Clock Clock Timing 
input output output 
Xin Xout g 












fi 


gone ee 
Zageuse 
PV VV VY | 


COOMA INLD 





1/O port P6 


Note 1: 


: 
Bus 
_interface 


4 





Reset Reset 
input output ye ate 
RESET RESETour WR RD R/W SYNC 





2X XONXODS 


1/O port P5 








Program 


Program 
counter — counter 
PC, (8) 


PC, (8) 


(9) 


AV 


@ —— @—9—-@—O-— - —- 9 —0-O 


Data bus 


a 


a 
— 
AVsg 


HY 
ADVarer Input port P4 
cc 





696 N1ES—EEEIESEIHENE VEMES-COEAED) 


Voc Vss 


a | aaa 
K——-l_ Timer 1 Timer 1 latch 


7 (16) -} (16) f= 
| >. | Timer 2 in 


x Pulse width 
modulator 


mace : 

R 

| | i oe) Brg 

A-D Serial I/O 

eleitel Fe = 
V aes, 


ti 

ay 
| 
ae 
rare) 


a 
fd 
PP 


K 


Fills 
D-A,——_~-_~ 


D-A, _—‘1/O port P3 
REF 


384 bytes for M37451E8-XXXGP and 512 bytes for M37451EC-XXXGP 


2 : 16384 bytes for M37451E8-XXXGP and 24576 bytes for M37451EC-XXXGP. 


COSLITKOLSEND— B89 


i 


SL 


Instruction 
register 


Rc (8) 


Hh 


| (8) = 
Timer aa 


instruction 
decoder 


Control signal 


P2(8) 


B334S5BOB 739 -A0EDASEIEDESNROGD 


———_ SY 
1/O port P2 


A 
I/O port PI 


EBAIEVSDEIOICIES 
——S CNVss/Vpp 
I/O port PO 


@—-— 


dnoi9 TSPZEW }° UOISI2A WOUd 


S4/SSOATSPLEW ‘d9D/d4a/dSXXX-DATSPLEW 
S4/SS8AISPLEW ' d9/dj/dSXXX-SATSPZEW 
S4/SSVAISPLEW ‘d9/d4a/dSXXX-VAaISvZEW 
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FUNCTIONS OF M37451E4-XXXSP/FP/GP, M37451E8-XXXSP/FP/GP, M37451EC-XXXSP/FP/GP, 
M37451E4SS/FS, M37451E8SS/FS, M37451ECSS/FS 


Number of basic instructions 71(69 MELPS 740 basic instructions+2) 


Instruction execution time 0. 64s (minimum instructions, at 12 5MHz frequency) 
Clock frequency 12 5MHz (max ) 

M37451E4-XXXSP/FP/GP 8192 bytes 

M37451E4SS/FS 256 bytes 

M37451E8-XXXSP/FP/GP 16384 bytes 

M37451E8SS/FS 384 bytes 

M37451EC-XXXSP/FP/GP 24576 bytes 

M37451ECSS/FS 512 bytes 


PO to P3, P5, P6 VO 8-bitX6 
Input/Output port P4 Input 3-bitX1 (8-bitX1 for 80-pin model) 


D-A Output 2-bitX 1 
Serial 1/O UART or clock synchronous 


16-bit timerX3, 

8-bit timer (Serial 1/O baud rate generator) <1 
A-D converter 8-bitX3 channels (8 channels for 80-pin model) 
D-A converter 8-bitX 2 channels 

Pulse width modulator : 8-bit or 16-bitX 1 

Data bus buffer 1-byte input and output each 

96-levels max (M37451E4, M37451E8) 
128-levels max (M37451EC) 

6 external interrupts, 8 internal interrupts 





Memory size 








Timers 





Subroutine nesting 





Interrupt 


1 software interrupt 
Clock generating circuit’ Built-in (ceramic or quarts crystal oscillator) 


| Supply voltage 5V+10% 


Power dissipation 40mW (at 12 5MHz frequency) 


Input/Output voltage 5V 


Input/Output characters Gutout clirrent Semk (mao 
Memory expansion Possible (64K bytes max ) 
Operating temperature range —20 to 85°C 
M37451E4-XXXSP 
M37451E8-XXXSP 64-pin shrink plastic molded DIP 
M37451EC-XXXSP 
M37451E4-XXXFP 
M37451E8-XXXFP 
M37451EC-XXXFP 
M37451E4-XXXGP 
Package M37451E8-XXXGP 
(0.65mm-pitch) 
M37451E4SS 
M37451E8SS 64-pin shrink ceramic DIP 
M37451ECSS 
M37451E4FS 
M37451E8FS 80-pin ceramic QFN (LCC) 


M37451ECFS 





——-— 80-pin plastic molded QFP 
(0 8mm-pitch) 





80-pin plastic molded QFP 
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PIN DESCRIPTION (normal mode) 


Functions 


i 
Q 
o 


Supply voltage Power supply inputs 5V+10% to Voc, and OV to Vss 











Vss 


RESET 


Controls the processor mode of the chip Normally connected to Vss or Voc. 










Reset input To enter the reset state, the reset input pin must be kept at a “L” for more than 8 clock cycles (under nor- 
mal Vcc conditions) If more time is needed for the crystal oscillator to stabilize, this “L” condition should 


be maintained for the required time 









Xin Clock input 


Xout Clock output 


Timing output Output Normally outputs signal consisting of oscillating frequency divided by four 


This chip has an internal clock generating circuit To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the Xjyj and Xour pins If an external clock is used, the clock 
source should be connected to the X;y pin and the Xour pin should be left open 










SYNC Synchronous Output This signal is output “H” during operation code fetch and ts used to control single stepping of programs 
signal output 
R/W Read/Write Output This signal determines the direction of the data bus It 1s “H” during read and “L” during write 
status output 








PQ g— PO, | I/O port PO 1/O Port PO ts an 8-bit |/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output The output structure is CMOS output The low-order bits of the address are output except 
in single-chip mode 



















P19—Pt17 | I/O port P1 1/0 Port P1 is an 8-bit I/O port and has basically the same functions as port PO The high-order bits of the 
address are output except in single-chip mode 

P259—P27 | I/O port P2 1/0 Port P2 is an 8-bit 1/O port and has basically the same functions as port PO Used as data bus except in 
single-chip mode 

P39—P37 | I/O port P3 1/O Port P3 is an 8-bit 1/O port and has basically the same functions as port PO. Serial 1/O, PWM output, or 


event I/O function can be selected with a program 
























Input port P4 Input Analog input pin for the A-D converter The 64-pin model has three pins and the 80-pin model has eight 
pins They may also be used as digital input pins 


P4 >—P4, 
( P4o— P47 ) 











P59— P57 | I/O port P5 1/O Port P5 is an 8-bit I/O port and has basically the same functions as port PO. This port functions as an 8-bit 


data bus for the master CPU when slave mode is selected with a program. 


1/0 Port P6 is an 8-bit 1/O port and has basically the same function as port PO Pins P63—P67 change to a con- 
trol bus for the master CPU when slave mode is selected with a program Pins P69--P62 may be program- 


med as external interrupt input pins 


D-A;, D-Az | D-A output Output Analog signal from D-A converter is output 
ial Reference voltage input pin for A-D and D-A converter This pin is for 64-pin model only 


Reference voltage input pin for A-D converter This pin is for 80-pin model only 


P69—P67 | I/O port P6 


Reference voltage 
input 


VREF 


A-D reference 
voltage input 


ADVrer 


DAVRreF D-A reference 
voltage Input 


Reference voltage input pin for D-A converter This pin ts for 80-pin model only 





Analog power supply Ground level input pin for A-D and D-A converter Same voltage as Vss is applied 


Analog power supply Power supply input pin for A-D converter This pin is for 80-pin model only. Same voltage as Vcc is applied 
In the case of the 64-pin model, AVcc is connected to Vcc internally 

Read signal 
output 


Control signal output as active “L” when valid data is read from data bus This pin is for 80-pin model only 





Write signal 
output 


Control signal output as active “L” when writing data from data bus to external component. This pin is for 
80-pin model only 






RESETour Reset output 





Control signal output as active “H” during reset It is used as a reset output signal for peripheral compo- 
nents. This pin ts for 80-pin model only 


a <i< 
a) o 
re) a 
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PIN DESCRIPTION (EPROM mode) 


Input/ 
Name Functions 
Output 





RESET Reset input Input 
Clock input Input 
Clock output Output 





Timing output Output 


Synchronous 
signal output 














R/W Read/Write 
status output 
PO 9—P0O; | |/O port PO Input 
P19—P17 | 1/O port P1 Input 
P259—P27 | I/O port se 1/O 
1/O port P3 Input 
Input port P4 Input 
(P4)— P42) 
1/O port P5 


Output 


P55— P57 
P65— P67 
D-A,, D-Az 















1/O port P6 


D-A output 


Reference voltage Input 


input 





A-D reference 
voltage input 


D-A reference 
voltage input 





Input 

Ro | Read signal output Output 

Write signal Output 
output 





RESETour | Reset output Output 


Power supply inputs 5V+10% to Vcc, and OV to Vss 


Connect to Vpp when programming or verifing 


Connect to Vss 


Connect a ceramic or a quartz crystal oscillator between Xiyj and Xouyr7 for clock oscillation 





For timing output 


Kept to open (“L” signal is output) 


Kept to open (“H” signal ts output). 


PO works as the lower 8-bit address input 

Pig—P1s5 work as the higher 6-bit address input P1g and P17 connect to Voc 
P2 works as an 8-bit data bus 

Connect to Vss 


Connect to Vsg The 64-pin model has only three pins P49— P42 


P59, P5,, P52 works as Aja, OE, and CE inputs respectively Connect P53 and P54 to Vcc and P5,— P57 to 
Vss 





Connect to Vss 





Kept to open 


Connect to Vgss. This pin is for 64-pin model only 





Connect to Vss This pin ts for 80-pin mode! only 


Connect to Vss This pin ts for 80-pin model only 





Connect to Vss 
Connect to Vcc or Vsg This pin ts for 80-pin model only 
Kept to open (“H” signal is output) This pin is for 80-pin model only 


Kept to open (“H” signal is output) This pin is for 80-pin model only 





Kept to open (“H” signal ts output) This pin ts for 80-pin model only 
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EPROM MODE 

The M37451E4-XXXSP/FP/GP, M37451E4SS/FS features 
an EPROM mode in addition to its normal modes. When the 
RESET signal level is low (“L”) and CNVggs/Vpp signal level 
is high (“H”), the chip automatically enters the EPROM 
mode. Table 1 list the correspondence between pins and 
Figure 1, 2 and 3 give the pin connections in the EPROM 
mode. When in the EPROM mode, ports PO, Pip—Pis, P2, 
P5)—P5.2 and CNVss are used for the PROM (equivalent to 
the M5L27256). When in this mode, the built-in PROM can 
be written to or read from using these pins in the same way 
as with the M5L27256. The oscillator should be corinected 
to the Xin and Xoyr pins, or external clock should be con- 
nected to the Xjy pin. 


P3//Sapy + 
P36/Scik 
P3s/TxD ++ 
P3,/RxD + 
P33/PWMourt + 
P3,/EV3 + 
P3,/EV2 + 
P3)/EV, 
P5,/DB, + 
P5,./DB, > 
P5;/DBs 
P5,/DB, + 
P5,/DB3 
P5./DB,/CE + 
P5,/DB,/OE + [ 
P5o/DBo/A14 + 
P6,/W + 
P6./R > 
P6;/CS + 
P6,/A0 
P63/Proy * 
P6,/INT3 + 
P6,/INT2 + 
P6o/INT, + 
R/W + 
SYNC — 
CNVgs5/Vpp 
RESET — 


dSXXX-84 LSPZEW dSXXX-vAlLSVZEW 


dSXXX-OAlLSPZEW 


Oscillating circuit 


4O 
SS83 LSPZEW 


Table 1. Pin function in EPROM mode 


naaress input | Ports oc ae ar P55 
Data 1/O Port P2 
P52/DB2/CE 


M37451E4-XXXSP/FP/GP, 
M37451E4SS/FS 


a cv 


P5,/DB,/OE 





Vcc 

AVss 
— Vrer 
—+ D-A, 
—+ D-As 
— P4,/ANo 
+ P4,/AN, 
+ P4,/AN> 
++ P0o/Ag 
+ P0,/A, 
++ P0,/A, 
> P03/A3 

224 +> P04/A, 

+> P0s/As 
++ P06/Ag 
+ P0,/A, 
+ P1o/Ag 
+ P1,/Ag 
+ P15/Aro 
+ Pia/Ar; 
> P1,/A,2 
+ P16/Ay3 
+ P16/Aqg 
> P15/Ais 


SSP3alLSPZEW 


aD in | 


baie P2,/Do ———(D) 


+ P2,/D, —————-——(B;) 
++ P2,/D, 0, 
+ P2,/D3-= 0) 
++ P2,/D,—__,) 
++ P2,/Ds 
++ P2,/Ds 0) 
++ P2;/D; ----——_(0) 


SSOALSPLEWN 


: Same functions as M5L27256 


Fig. 1 Pin connection in EPROM mode (64-pin model) 
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Oscillating 
circuit 


ClEIOIEICICIOr: 


40]++ P29/Do 


PY Sid + [3] 
@———_ Wg 
(@Q————?'v/"ld + [& 


M37451E8FS M37451ECFS 


M37451E4FS 


P49/ANg — 
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rs J— 49914994 


oO 
ite) 
N 
RK 
N 
— 
uw) 
= 
” 
oO 
” 
Cc 
2 
bat 
oO 
c 
= 
0) 
E 
Gs) 
Y) 
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Fig. 2 Pin connection in EPROM mode (0.8mm pitch 80-pin model) 
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Eiaae P4,/AN3 
3] — P4,/AN, 


P17/Ai5 
Cc 


N 
P29/Do 
P2,/D, (©,) 
P22/Do 
P23/D53 


- P2,/D 
M37451E4-XXXGP a @ 
or P2.6/De- (0s) 
M37451E8-XXXGP P27/Dr Gy 


Vss 

or ¢ : 

NC ss 

M37451EC-XXXGP Xo} Oscillating 
Xx 


circuit 


sittidd 


titit? 


CNVss/Vpp— Vpp 7h Vss 


RESETourt 
SYNC 


Cy : Same functions as M5L27256. 





Fig. 3 Pin connection in EPROM mode (0.65mm pitch 80-pin model) 
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PROM READING, WRITING AND ERASING 
Reading oe 

To read the PROM, set the CE and OE pins to a “L” level, 
and supply OV to the RESET pin, 5V to the Vcc pin and the 
CNVgg (Vpp) pin. Input the address of the data (Ay—Aj,,) to 
be read and the data will be output to the 1/O pins Do—Dy. 
The data I/O pins will be floating when either the CE or OE 
pins are in the “H” state. 





Writing _ 

To write to the PROM; set the OE pin to an “H” level, and 
supply OV to the RESET pin, 6V to the Vcc pin and 12.5V to 
the Vpp pin. The CPU will enter the program mode when 
Vpp iS applied to the Vpp pin. The address to be written to 
is selected with pins Ag—Aj,4, and the data to be written is 
input to pins DoD. Set the CE pin to a “L” level to begin 
writing. 





Erasing 

Data can only erased on the M287451E4SS/FS, 
M37451E8SS/FS and M37451ECSS/FS ceramic package, 
which includes a window. To erase data on this chip, use 
an ultraviolet light source with a 2537 Angstrom wave 
length. The minimum radiation power necessary for erasing 
is 15W-s/cm?. 


Table 2. 1/0 signal in each mode 


a ee: 
Read-out Vit 

Vi 
Programming verify Vin 
Program disable Vin 


Note 1 : Vi, and Vy indicate a “L” and “H” input voltage, respectively 
2: An X indicates either V\_ or Vin 












Vin 6 


NOTES ON HANDLING 

(1) Sunlight and fluorescent light contain wave lengths 
capable of erasing data. For ceramic package types, 
cover the transparent window with a seal (provided) 
when this chip is in use. However, this seal must not 
contact the lead pins. 

(2) Before erasing, the glass should be cleaned and stains 
such as finger prints should be removed thoroughly. If 
these stains are not removed, complete erasure of the 
data could be prevented. 

(3) Since a high voltage is used to write data, care should 
be taken when turning on the PROM writer's power. 

(4) For the programmable microcomputer (shipped in 
blank or OTP type) , Mitsubishi does not perform 
PROM write test and screening in the assembly pro- 
cess and following process. To improve reliability after 
write, performing write and test according to the flow 
below before use is recommended. 

(5) In EPROM mode, address Aj; is set to “H” automati- 
Cally. 





Note : Since the screening temperature is higher than 
storage temperature, never expose to 150C ex- 
ceeding 100 hours. 







Vpp Voc 






input 
Output 
V Floating 
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DESCRIPITION 

The M37451E4DXXXSP/FP is a single-chip microcomputer 
designed with CMOS silicon gate technology. It is housed 
in a 64-pin shrink plastic molded DIP or an 80-pin plastic 
molded QFP (0.8mm pitch). The features of this chip are 
similar to those of the M37451M4DXXXSP/FP except that 
this chip has a 8192 bytes PROM built-in. This single-chip 
microcomputer is useful for office automation appliances 
and consumer appliance controllers. 

In addition to its simple instruction sets, the PROM, RAM 
and I/O addresses are placed on the same memory map to 
enable easy programming. It also has a unique feature that 
enables it to be used as a slave microcomputer. 

Apart from the expansion in operating temperature range 
and consequent differences in electrical characteristics 
(Note), functions are the same as those of the M37451E4- 
XXXSP/FP. 

The differences between the M37451E4DXXXSP/FP and 
M37451E8DXXXSP/FP are as shown below. 


8192 bytes 256 bytes 


__| 384 bytes 


16384 bytes 

The number of analog input pins for the 80-pin model! (FP 
version) is different from the 64-pin model (SP version). In 
addition, the 80-pin model has special pins for RD, WR, 
RESETour, DAVrer, ADVrer, AVcc, and the 64-pin model 
has a special Veer pin. 
Note : The maximum value of supply current is 20mA. 

All other values are the same as that of M37451E4- 

XXXSP/FP. 


Type name 


M37451E4DXXXSP/FP 
M37451E8DXXXSP/FP 





FEATURES 

®@ Number of basic instructions SRE ee Re RO RO ROR ROR FORE ee Te ER 71 
69 MELPS 740 basic instructions + 2 multiply/divide 
instructions 

@ Instruction execution time 
(minimum instructions at 12.5 MHz frequency) ::: 0.64us 


e Single power supply ssa pvolgveiase gies eialnzelelarw seh 's Sete wie Wis iecae”s anereieh ers 5V+5% 
® Power dissipation normal operation mode 
(at 12.5 MHz frequency) sells wuavadbaarard nce ticraep Ate Gearasaepin teas czas 40mW 
@ Subroutine nY:S1 (1 ¢ ee 96 levels max. 
e Interrupt eee eee oe Te er eee rere errs 15 events 
@ Master CPU bus interface -*-----+++-+++-++ SOAS Sete 1 byte 
® 16-bit timer TERETE RAE ERE eRe eT er ee ee eR Cee coe eee ee 3 
@ 8-bit timer (Serial 1/O use) gi ateadatd hivieda baseatt tne enna gies | 
® Serial |/O (UART or clock synchronous) -7::77s re 1 
@ A-D converter (8-bit resolution) -----:--: 3 channels (DIP) 
8 channels (QFP) 
@ D-A converter (8-bit resolution) :-:::++:s7s-7 2 channels 
@ PWM output with 8-bit prescaler 


(Either resolution 8-bit or 16-bit is software selectable) --- 1 
@ Programmable I/O ports 


(Ports PO, P1, P2, P3, P5, P6) Wedise Ube shams beca wines s ee Fae 48 


M37451M4DXXXSP/FP ,M37451M8DXXXSP/FP 
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PIN CONFIGURATION (TOP VIEW) 














































P3,/Srpy + Voc 
P36/Scix + AVss 
P35/TxD + [31 — Vrer feild 
I/O port P3,/RxD + [4| — D-A, 
Ee P33/PWMour + Le. 60] — a) ares 
P3,/EV, + [6] 59] — P4o/ANo 
P3,/EV> + 56] in vey 
P3/EV, + [8] + P42/AN2 
P57/DB, + [3] 56] +* POo/Ao 
P5¢/DB, + [10 +> P0,/A; 
P55/DBs; + [11] +> P02/A2 
I/O pon P5,/DB, «> +> P03/A3 | 10 port 
PS P5,/DB, + = ez +> P0,/A, { PO 
P5,/DB,/CE+[14] 8 QB  [Si}+* POs/As 
P5,/DB,/OE + & & pd Poa, 
P59/DB)/PGM+[6] io m_ [Sl PO//A; 
P6;/W + oo Ls Pto/As 
P6,/R + [18 2 = +> P1,/Ag 
P65/CS++[19} xX >< [46 +> P1/Aio 
I/O port P6,/A0 + we ce +> P13/Ay1 1/0 port 
i P63/Prpy + +> P14/Ai2[ PI j 
P6,/INT; +> + PIs/Ay3 
P6,/INT2 ++ [23] +> P16/Ar4 
P6,/INT, > 41} +> P17/Ais 
Read/Write R/W — 40] <> P29/Do 
status output 
Synchronous signal SYNC + ++ P2,/D, 
output CNVss/Vpp +> P2./D2 
Reset input RESET —_ ++ P23/D3 1/O port 
Clock Input, Xin > +> P2,/D, { P2 
Clock output Xour +> P2;/Ds 
Timing output oe +> P2,/D, 
++ P2,/D, 


@ Input port (Port PA) vrrereeeeeeeeeeeeeee eens 3 (DIP), 8 (QFP) 
® Output ports (Ports D-A,, D-Ap) sirrrceeeteeteetereeetenes 9 
@ PROM (equivalent to the M5L27256) 

program voltage SOCrererrr errr errr errr eee Sere eee eee ee ee 12.5V 
@ Operating temperature iaialore Winieleiaie Sie ieGiniacae vies Mele sie —40 to 85C 
APPLICATION 


Industrial machinery 
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PIN CONFIGURATION (TOP VIEW) 


BS] <— P4,/AN3 
2} <— P4,/AN, 
(3) <— P4./ANs 
IS} P46/ANg 
13} <— P4,/AN7 
} +> POo/Az 
IZ} <> PO3/A3 
Bl <> PO4/A, 
Fabae PO;/As 


P49/ANo 
D-Ao2 
D-A, 
DAVrer 
ADVrer 
AVss 
AVcc M37451E4DXXXFP 
aco or 
Vss 
P37/Srpy M37451E8DXXXFP 
P36/Scik 
P35/TxD 
P3,4/RxD 
P33/PWMout 
P32/EV3 
NC 


Outline 80OP6N NC : No connection 
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DESCRIPTION 

The M37470M2-XXXSP is a single-chip microcomputer de- PIN CONFIGURATION (TOR VIEW) 
signed with CMOS silicon gate technology. It is housed in a 

32-pin shrink plastic molded DIP. This single-chip micro- P1>/Sapy > 

computer is useful for business equipment and other con- P14/CLK + 

sumer applications. P1</Sour > 

In addition to its simple instruction set, the ROM, RAM, and P14/Sin 

I/O adcresses are placed on the same memory map to en- Pis/T1 

able easy programming. Pt2/To + 


P1,+ 


The differences among M37470M2-XXXSP, M37470M4- = 
o 


XXXSP and M37470M8-XXXSP are noted below. The fol- 
lowing explanations apply to the M37470M2-XXXSP. Speci- P2,/IN> + 
ficaiton variations for other chips are noted accordingly. P2,/IN, + 


| typename | ROMssize | RAMSsize 
M37470M2-XXXSP | _ 4096 bytes 128 bytes 
M37470M4-XXXSP | _ 8192 bytes 192 bytes 


P23/1N3 +> 


dSXXX-SWOZVZEW 
dSXXX-VWOZVZEW 
dSXXX-2WOZPZEW 








384 bytes 
FEATURES 
'@ Number of basic instructions:--::---1tr errr re 69 Outline 32P4B 
@ Memory size 
= @) \\ ce cece 4096 bytes (M37470M2) 
RAM ceccccccrtrcrecscteeeeseteseseeseess 128 bytes (M37470M2) 


® Instruction execution time 
ponies 1us (minimum instructions at 4MHz frequency ) 


@® Single power supply-::::: Reet Naat naRian a eer sega 27~5.5V 
@ Power dissipation normal operation mode 

pea aah ia ahh peade wed we euesinsiote ets 17.5mW (at 4MHz frequency) 
@ Subroutine nesting ---::--:--:: 64 levels max. (M37470M2) 
e Interrupt Civ a wntecle ds ps RGAN aaa pGUeie Gs tWan wawoe 12types, 10vectors 
@ B-bit timer c-ecee cree ee eee eee ee tee e eee eeeeeeeeees eavdeea tun 4 
@® Programmable I/O ports 

(Ports PO, P1, P2, P4) splat aie Sieben tlesarece’biniacd'o: biased slecd over artee slorerwiess 29 
@ Input port (Port P3) <r: e eee teeter eee eect ssenees 4 
@ Serial I/O (8-bit) hia atic ele Weal ase SAG ere ORIG CAs ALONG hed sie yai die Gre ave ar duecesbolece were { 
@ A-D converter: rrr eer eees 8-bit, Achannel 
APPLICATION 


Audio-visual equipment, VCR, Tuner 
Office automation equipment 
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M37470M2-XXXSP BLOCK DIAGRAM 





Clock Clock Reset 
input output input 
Xin Xout RESET 





es 


1/0 port P4 


Processor 


register 








Instruction 
register (8) 
decoder 


Control signal 


Program Program 
counter counter 
PC,,(8) PC, (8) 


Index 
register 
iY¥K8) 








































oh 
nw 


PWM control 


counter (4 
S018) 
INT, | 
INTo 


A A | 
ee] oo Ser TTT 
2 Ady id VOODOO ed 


register 











O 


|, 


22X2N20K19)-- — —13) ~ <9) = CK ABKANEKH) — —-BBINGOKIKZ) 
Vrer Oa en : ac cee an ae eS Ve 
Input port P3 Reference I/O port P2 I/O port P1 I/O port PO 


voltage input . 
Note 1 : 8192 bytes for M37470M4-XXXSP and 16384 bytes for M37470M8-XXXSP 
2 : 192 bytes for M37470M4-XXXSP and 384 bytes for M37470M8-XXXSP 


YALNUWOVOUDIN SOW) Lid-s dIHO-AaTONIS 


dSXXX-SINOZ?VZEIN 


dSXXX-vINOLPZEIN' dSXXX-ZINOZPLEW 


SUS LNMWODOUDIW IHSIEGNSLIAW 
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FUNCTIONS OF M37470M2-XXXSP, M37470M4-XXXSP, M37470M8-XXXSP 


Number of basic instructions 


Instruction execution time ° 1us (minimum instructions, at 4MHz frequency) 
Clock frequency 4MHz (max.) 
4096 bytes 
M37470M2-XXXSP 
128 bytes 
Memory size M37470M4-XXXSP 
16384 bytes 
M37470M8-XXXSP 
384 bytes 
Serial I/O 8-bitX 1 
Timers 8-bit timerx4 
A-D converter 8-bitX1 (4 channels) 
M37470M2-XXXSP 64 levels (max ) 


8192 bytes 
192 bytes 
Input/Output port 
| 2-bitX1 
M37470M4-XXXSP 96 levels (max ) 
M37470M8-XXXSP 192 levels (max ) 



























R 
R 
| 








AM 
OM 
RAM 
RAM 
/O 
/O 
/O 






















Subroutine nesting 














5 external interrupts, 6 internal interrupts 
1 software interrupt 


Clock generating circuit Built-in with internal feedback resistor (ceramic or quarts crystal oscillator) 


Supply voltage 27~5 5V 
17 5mW (at 4MHz frequency) 
5V : 


Input/Output voltage 


—5~10mA(PO, P1, P2, P4 : CMOS tri-states) 


Interrupt 












Power dissipation 






Input/Output characters 
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PIN DESCRIPTION 


Vcc: Supply voltage 
Vss 
RESET Reset input 


Clock input 


Xm | 
Glock 
Vrer Reference voltage 
input 
PQ o~~P0O7 | I/O port PO 


_ 


P29~P23 | I/O port P2 1/0 
P359~P33 | Input port P3 : 


Functions 


Power supply inputs 2. 7~5. 5V to Voc, and OV to Vgs. 


To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Vcc 
conditions). 


These are I/O pins of internal clock generating circuit for main clock To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the Xjy and Xour pins. If an external 
clock is used, the clock source should be connected the Xn pin and the Xour pin should be left open. 
Feedback resistor is connected between Xin and Xour. 


This ts reference voltage input pin for the A-D converters. 


Port PO is an 8-bit |/O port The output structure is CMOS output 
When this port is selected for input, pull-up transistor can be connected in units of 1-bit and a key on wake 
up function is provided 


Port P1 is an8-bit 1/O port The output structure is CMOS output. 

When this port is selected for input, pull-up transistor can be connected in units of 4-bit. P1 », P13 are in 
common with timer output pins To, T;. P14, P15, P16, P17 are in common with serial 1/O pins Siq, Sour, CLK, 
Soi respectively. The output structure of Sour and Spy can be changed to N-channel open drain output 


Port P2 is an 4-bit 1/O port The output structure is CMOS output 
When this port is selected for input, pull-up transistor can be connected in units of 4-bit. 
This port is in common with analog input pins INo~IN3. 


Port P3 is 7n 4-bit input port. P39, P3, are in common with external interrupt input pins INTo, INT; and P3b, 
P33 are in common with timer input pins CNTRo, CNTR. 


Port P4 is an 2-bit |1/O port The output structure is CMOS output When this port is selected for input, 
pull-up transistor can be connected in units of 2-bit 
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FUNCTIONAL DESCRIPTION 

Central Processing Unit (CPU) 

The M37470 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 

The FST and SLW instructions are not provided. 

The MUL and DIV instructions are not provided. 

The WIT instruction can be used. 

The STP instruction can be used. 


CPU Mode Register 
The CPU mode register is allocated to address OOFBi.. 


This register has a stack page selection bit. 


CPU mode register 
(Address 00FB,¢) 


This bit must always be set to “0” 


Stack page selection bit 
0 : In page 0 area 
1° In page 1 area 


These bits must always be set to “0” 





Fig. 1 Structure of CPU mode register 
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MEMORY * Zero Page 

¢ Special Function Register (SFR) Area Zero page addressing mode is useful because it enables 
The special function register (SFR) area contains the reg- access to this area with fewer instruction cycles. 

isters relating to functions such as I/O ports and timers. * Special Page 

° RAM Special page addressing mode is useful because it en- 
RAM is used for data storage as well as a stack area. ables access to this area with fewer instruction cycles. 

* ROM 


ROM is used for storing user programs as well as the inter- 
rupt vector area. 

¢ Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 


RAM(192 bytes) RAM(128 bytes) 

for for 
M37470M4 M37470M2 
M37470M8 


RAM(192 bytes) 
for 
M37470M8 


ROM 
(16K bytes) ROM 
for (8K bytes) ROM 
M37470M8 for (4K bytes) 
: M37470M4 for 


M37470M2 Special page for 
subroutine call 


Interrupt vector area 





Fig. 2 Memory map 
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00C0,¢ 
00C1,.¢ | Port PO directional register 


00C2,, | Port P1 

00C3,,] Port P1 directional register 

00C4,,] Port P2 

00056 
00C6i¢ 
00C7i.6 
00C8,,] Port P4 

00C9,,} Port P4 directional register 
00CAi¢ 
O0CBi¢ 
00CCisg 
00CD46 
O0CE 16 
O0CF 46 
00D0,, | PO pull-up control register OOF0,, | Timer 1 

00D1,_]| P1~P4 pull-up control register OOF 146 | Timer 2 

00D2;4. OOF 2,6 | Timer 3 

00D316 OOF3,¢ | Timer 4 

00D4,¢ | Edge polarity selection register 00F 44, 

00D54¢ OOF 56 

00D64¢ | Input latch register OOF 616 

00D7:i¢ OOF7,, | Timer FF register 
O0D8i¢ 
00OD9,., | A-D control register OOF9,, | Timer 34 mode register 
OODAi6 OOFAi¢ | Timer mode register 2 
OODB:., OOFB,.} CPU mode register 
O0DC,.} Serial 1/O mode register OOFC,,| Interrupt request register 1 
OODD,.6{ Serial !/O register OOFD,.,] Interrupt request register 2 


OODE,,| Serial .1/O counter OOFE;¢ | Interrupt control register 1 
QODFief OOF Fis | Interrupt control register 2 





OOF8,, } Timer 12 mode register 





Fig. 3 SFR (Special Function Register) memory map 
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INTERRUPTS 

Interrupts can be caused by 12 different events consisting 
of five external, six internal, and one software events. 
Interrupts are vectored interrupts with priorities shown in 
Table 1. Reset is also included in the table because its op- 
eration is similar to an interrupt. 

When an interrupt is accepted, the registers are pushed, 
interrupt disable flag | is set, and the program jumps to the 
address specified in the vector table. The interrupt request 
flag is cleared automatically. The reset and BRK instruction 
interrupt can never be inhibited. Other interrupts are dis- 
abled when the interrupt inhibit flag is set. 

All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter- 
rupt request bits are in interrupt request registers 1 and 2 
and the interrupt enable bits are in interrupt control regis- 
ters 1 and 2. External interrupts INT, and INT, can be 
asserted on either the falling or rising edge as set in the 
edge polarity selection register. When “0” is set to this reg- 
ister, the interrupt is activated on the falling edge; when “1” 
is set to the register, the interrupt is activated on the rising 
edge. 


Table 1. Interrupt vector address and priority 
















When the device is put into power-down state by the STP 
instruction or the WIT instruction, if bit 5 in the edge polar- 
ity selection register is “1”, the INT, interrupt becomes a 
key on wake up interrupt. When a key on wake up interrupt 
is valid, an interrupt request is generated by applying the 
“L” level to any pin in port PO. In this case, the port used for 
interrupt must have been set for the input mode. 

If bit 5 in the edge polarity selection register is “0” when 
the device is in power-down state, the INT, interrupt is 
selected. Also, if bit 5 in the edge polarity selection regis- 
ter is set to “1” when the device is not in a power-down 
state, neither key on wake up interrupt request nor INT, in- 
terrupt request are generated. 

The CNTR)/CNTR, interrupts function in the same as INT 
and INT. The interrupt input pin can be specified for either 
CNTRo or CNTR, pin by setting bit 4 in the edge polarity 
selection register. 

Figure 4 shows the structure of the edge polarity selection 
register, interrupt request registers 1 and 2, and interrupt 
control registers 1-and 2. 

Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is “1”, interrupt 
request bit is “1”, and the interrupt disable flag is “0”. The 
interrupt request bit can be reset with a program, but not 
set. The interrupt enable bit can be set and reset with a 
program. 

Reset is treated as a non-maskable interrupt with the high- 
est priority. Figure 5 shows interrupts control. 
























INTo interrupt 
INT, interrupt or key on wake up interrupt FFFBie6, FFFAi.6 
CNTRo interrupt or CNTR; interrupt FFF9.6, FFF816 
Timer 1 interrupt FFF716, FFF6i6 

6 FFF5;6,_FFFA416 fa 
FFF316, _FFF2r6 eae es a 
Timer 4 interrupt Orta eb ies RRO ce lene eee ee ee 
A-D conversion completion interrupt 

2:2 comersion completion intenvet jo FFEBie6, FFEAi6.6 Non-maskable software interrupt 
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Edge polarity selection register (EG) 
(Address 00D446) 


INT, edge selection bit 
INT, edge selection bit 
CNTRo edge selection bit 
CNTR, edge selection bit 
0 : Falling edge 
1 : Rising edge 


CNTR)/CNTR, interrupt selection bit 
0 : CNTRo 
1 > CNTR, 


INT, source selection bit (at power-down state) 
0 : P3,/INT, 
1 : POgo~PO, “L” level (for key on wake up) 


Interrupt request register 1 Interrupt request register 2 
(Address 00FC,,) (Address 00FD,,) 


Timer 1 interrupt request bit INT) interrupt request bit 

Timer 2 interrupt request bit INT, interrupt request bit 

Timer 3 interrupt request bit CNTRo or CNTR; interrupt request bit 
Timer 4 interrupt request bit - No interrupt request 

Serial |/O interrupt request bit sient requested 


A-D conversion completion 
interrupt request bit 


Interrupt control register 1 Interrupt control register 2 
(Address 00FE,,) ; (Address 00FF,.) 


Timer 1 interrupt enable bit INT interrupt enable bit 
Timer 2 interrupt enable bit INT, interrupt enable bit 


Timer 3 interrupt enable bit CNTRo or CNTR, interrupt enable bit 


Timer 4 interrupt enable bit 0 : Interrupt disable 


; 1 : Interrupt enabled 
Serial |/O interrupt enable bit 


A-D conversion completion 
interrupt enable bit 





Fig. 4 Structure of registers related to interrupt 


Interrupt request bit 


Interrupt:enable bit 


Interrupt disable flag | 


BRK instruction Interrupt request 
reset 





Fig. 5 Interrupt control 
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TIMER 

The M37470M2-XXXSP has four timers; timer 1, timer 2, 
timer 3 and timer 4. 

A block diagram of timer 1 through 4 is shown in Figure 6. 
Timer 1 can be operated in the timer mode, event count 
mode, or pulse output mode. Timer 1 starts counting when 
bit 0 in the timer 12 mode register (address O0F8,,¢) is set 
to “0”. 

The count source can be selected from the f(X,) divided 
by 16 or event input from P32/CNTRg pin. When bit 1 in the 
timer 12 mode register is “0”, f (Xj) divided by 16 is 
selected. When bit 1 in the timer 12 mode register is “1”, 
an event input from the CNTR pin is selected. Event inputs 
are selected depending on bit 2 in the edge polarity selec- 
tion register (address 00D4,,). When this bit is “0”, the in- 
verted value of CNTRp input is selected; when the bit is 
“1”, CNTRo input is selected. 

When bit 3 in the timer 12 mode register is set to “1”, the 
Pi. pin becomes timer output To. When the direction regis- 
ter of P12 is set for the output mode at this time, the timer 1 
overflow divided by 2 is output from To. The initial output 
value can be set by writing the value to bit 0 in the timer FF 
register (address 00F7,¢) after setting “1” to bit 0 in timer 
mode register 2. 

Timer 2 can only be operated in the timer mode. Timer 2 
starts counting when bit 4 in the timer 12 mode register is 
set to “OQ”. 

The count source can be selected from the divide by 16, 
divide by 64, divide by 128, or divide by 256.frequency of 
f(X%in), and. timer 1 overflow. When bit 5 in the timer 12 
mode register is “O”, any of the divide by 16, divide by 64, 
divide by 128, or divide by 256 frequency of f (Xn) is 
selected. The divide ratio is selected according to bit 6 and 
bit 7 in the timer 12 mode register. When bit 5 in the timer 
12 mode register is “1”, timer 1 overflow is selected as the 
count source. 

Timer 3 can be operated in the timer mode, event count 
mode, or PWM mode. Timer 3 starts counting when bit 0 in 
the timer 34 mode register (address 00F9;.¢) is set to “0”. 
The count source can be selected from the f(Xin) divided 
by 16, timer 1 or timer 2 overflow, or an event input from 
P33,/CNTR, pins according to the statuses of bit 1 and bit 2 
in the timer 34 mode register, bit 6 in the timer mode regis- 
ter 2 (address OOFA,,). Note, however, that if timer 1 over- 
flow or timer 2 overflow is selected for the count source of 
timer 3 when timer 1 overflow is selected for the count 
source of timer 2, timer 1 overflow is always selected re- 
gardless of the status of bit 6 in the timer mode register 2. 
Event inputs are selected depending on bit 3 in the edge 
polarity selection register. When this bit is “0”, the inverted 
value of CNTR, input is selected; when the bit is “1”, 
CNTR, input is selected. 

Timer 4 can be operated in the timer mode, event count 


mode, pulse output mode, pulse width measuring mode, or 
PWM mode. Timer 4 starts counting when bit 3 in the timer 
34 mode register is set to “O” when bit 6 in this register is 
“0”. When bit 6 is “1”, the pulse width measuring mode is 


selected. The count source can be selected from timer 3 


overflow, the f(Xiy) divided by 16, timer 1 or timer 2 over- 
flow, or an event input from P33/CNTR, pins according to 
the statuses of bit 4 and bit 5 in the timer 34 mode register, 
bit 6 in the timer mode register 2. Note, however, that if 
timer 1 overflow or timer 2 overflow is selected for the 
count source of timer 4 when timer 1 overflow is selected 
for the count source of timer 2, timer 1 overflow is always 
selected regardless of the status of bit 6 in the timer mode 
register 2. Event inputs are selected depending on bit 3 in 
the edge polarity selection register. When this bit is “O”, the 
inverted value of CNTR, input is selected; when the bit is 
“1”, CNTR, input is selected. 

When bit 7 in the timer 34 mode register is set to “1”, the 
Pi3 pin becomes timer output T,. When the direction regis- 
ter of P13 is set for the output mode at this time, the timer 4 
overflow divided by 2 is output from T, when bit 7 in the 
timer mode register 2 is “0”. The initial output value can be 
set by writing the value to bit 1 in the timer FF register after 
setting “1” to bit 1 in timer mode register 2. 


‘(1) Timer mode 


Timer perform down count operations with the dividing ratio 
being .1/(n+1). Writing a value to the timer latch sets a 
value to the timer. When the value to be set to the timer 
latch is nnig, the value to be set to a timer is nnyg, which is 
down counted at the falling edge of the count source from 
nnig to (nnyg-1) to (nny™g-2) to...0146 to 0016 to FFi¢. At the 
falling edge of the count source immediately after timer 
value has reached FF,.¢, value (nny.6-1) obtained by sub- 
tracting one from the timer latch value is set (reloaded) to 
the timer to continue counting. At the rising edge of the 
count source immediately after the timer value has reached 
FF.s, an overflow occurs, an interrupt request. 

(2) Event count mode 

Timer operates in the same way as in the timer mode ex- 
cept that it counts input from the CNTR,» or CNTR, pin. 

(3) Pulse output mode 

In this mode, duty 50% pulses are output from the To or T, 
pin. When the timer overflows, the polarity of the Tp or T, 
pin output pin level is inverted. 

(4) Pulse width measuring mode 

The M37470 can measure the “H” or “L” width of the 
CNTRo or CNTR, input waveform by using the pulse width 
measuring mode of timer 4. The pulse width measuring 
mode is selected by writing “1” to bit 6 in the timer 34 
mode register. In the pulse width measuring mode, the tim- 
er counts the count source while the CNTR» or CNTR, input 
is “H” or “L”. Whether the CNTR» input or CNTR, input be 
measured can be specified by the status of bit 4 in the 
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edge polarity selection register; whether the “H” width or 
“L” width be measured can be specified by the status of bit 
2 (CNTRo) and bit 3 (CNTR;,) in the edge polarity selec- 
tion register. 

(5) PWM mode 

The PWM mode can be entered for timer 3 and timer 4 by 
setting bit 7 in the timer mode register 2 to “1”. In the PWM 
mode, the P13 pin is set for timer output T, to output PWM 
waveforms by setting bit 7 in the timer 34 mode register to 
“1”. The directional register of P13 must be set for the out- 
put mode before this can be done. 

In the PWM mode, timer 3 is counting and timer 4 is idle 
while the PWM waveform is “L”. When timer 3 overflows, 
the PWM waveform goes “H”. At this time, timer 3 stops 
counting simultaneously and timer 4 starts counting. When 
timer 4 overflows, the PWM waveform goes “L”, and timer 4 
stops and timer 3 starts counting again. Consequently, the 
“L” duration of the PWM waveform is determined by the 
value of timer 3; the “H” duration of the PWM waveform is 
determined by the value of timer 4. 

When a value is written to the timer in operation during the 
PWM mode, the value is only written to the timer latch, and 
not written to the timer. In this case, if the timer overflows, a 
value one less the value in the timer latch is written to the 
timer. When any value is written to an idle timer, the value 
is written to both the timer latch and the timer. 

In this mode, do not select timer 3 overflow as the count 
source for timer 4. 


INPUT LATCH FUNCTION 

The M37470 can latch the P39/INTo, P3,/INT,, P32./CNTRo, 
and P33/CNTR, pin level into the input latch register 
(address 00D6,,) when timer 4 overflows. The polarity of 
each pin latched to the input latch register can be selected 
by using the edge polarity selection register. When bit 0 in 
the edge polarity selection register is “0”, the inverted 
value of the P3)/INTo pin level is latched: when the bit is 
“1”, the P39/INTo pin level is latched as is. When bit 1 in 
the edge polarity selection register is “O”, the inverted 
value of the P3,/INT, pin level is latched; when the bit is 
“1”, the P3,/INT, pin level is latched as is. When bit 2 in 
the edge polarity selection register is “0”, the inverted 
value of the P3./CNTRo pin level is latched; when the bit is 
“1”, the P3./CNTRo pin level is latched as is. When bit 3 in 
the edge polarity selection register is “0”, the inverted 
value of the P33/CNTR, pin level is latched; when the bit is 
“1”, the P33/CNTR, pin level is latched as is. 
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Data bus 






XiwO we © y" Timer 1 latch (8) 






T12Mo 
Timer 1 
P32/CNTRoO ___Timert (8) | Timer 1 interrupt request 
Db ee 
Port latch 
P15/T, O 7s 
112M, et 
T12M¢ i 
cua 
. Timer 2 
interrupt request 
oN 
78 sail 


Timer 3 
interrupt request 


P33/CNTR, = fil 
EG 


Timer 4 
interrupt request 


Port latch T34M., 
EG, T34M3 


P13/T, O-+ 
T34M; 
P33/CNTR; © poh oce 





P3,/CNTRo EGe 
In gh E 
P3,/INT, O-#o->@) 
P3o/INT, EGo 


ee Select gate : At reset, shaded side is connected 


Fig. 6 Block diagram of timer 1 through 4 
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7 0 7 0 
Timer mode register 2. (TM2) 


i t 
(Address OOFA,.) Timer 34 mode register (T34M) 

















(Address 00F9;.) 
Timer 1 overflow FF set enable bit Timer 3 count stop bit 
0 : Set disable 0 : Count start 
1 : Set enable 1 : Count stop 
Timer 4 overflow FF set enable bit Timer 3 count source selection bit 
0 : Set disable 00 : f(Xin) divided by 16 
1 : Set enable 01 : Not used 
10 : Timer 1 overflow or timer 2 overflow 
Peete seta Timer 3, timer 4 count overflow signal 11 : P33/CNTR, external clock 
selection bit 
0 : Timer 1 overflow ——-——— Timer 4 count stop bit 
1 : Timer 2 overflow 0 : Count start 
1 : Count stop 





Timer 3, timer 4 function selection bit 
0 : Normal mode Timer 4 count source selection bit 
1 : PWM mode 00 : Timer 3 overflow 
O1 : f(Xiy) divided by 16 
10 : Timer 1 overflow or timer 2 overflow 
11 : P33/CNTR, external clock 


7 0 
Py? ft tt tty Timer 12 mode register (112M) —_—1__—---—-— Timer 4 pulse width measuring mode 





(Address 00F8;,) selection bit 
0 : Timer mode 
Timer 1 count stop bit 1 : Pulse width measuring mode 
0 : Count start 
1 : Count stop ————=  P13/T, port output selection bit 
0 : P13 port output 
Timer 1 count source selection bit 1: Timer 4 overflow divided by 2 
0 : £(Xi) divided by 16 or PWM output 


1 : P32/CNTRo external clock 
This bit must be set to “0” 
P12/To» port output selection bit 


0 : Pt. port output 
1 : Timer 1 overflow divided by 2 





Timer 2 count stop bit 
0 : Count start 
1° Count stop 


Timer 2 count source selection bit 
0 : Internal clock 
1 : Timer 1 overflow 





Timer 2 internal clock source 
selection bit 
00 : f(Xin) divided by 16 
01 : f(Xixy) divided by 64 
10 : f(Xin) divided by 128 
11 : f(Xy) divided by 256 


Fig. 7 Structure of timer mode registers 
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SERIAL I/O 

The block diagram of serial 1/O is shown in Figure 8. In the 
serial |1/O mode, the receive ready signal (Sppy) synchro- 
nous input/output clock (CLK), and the serial 1/O (Sour, 
Sin) pins are used as P17, P1g, P15, and P1,, respectively. 
The serial 1/O mode register (address 00DC,,) is an 8-bit 
register. Bit 2 of this register is used to select a synchro- 
nous clock source. When this bit is “0”, an external clock 
from Pi, is selected. When this bit is “1” an internal clock 
is selected. 

The internal clock can be selected from among the divide 
by 8, divide by 16, divide by 32, divide by 512 frequency of 





CM, 


SArpy 
SM2 


Pee HE rn Me 


CLK input 


Serial I/O counter (3) 


CLK output 


b- Select gate : At reset, shaded side Is connected 


Fig. 8 Block diagram of serial 1/0 
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the oscillator frequency f(Xiy). The divide ratio is selected 
according to bit O and bit 1 in the serial |1/O mode register. 
Bits 3 and 4 decide whether parts of P1 will be used as a 
serial |/O or not. When bit 3 is “1”, P1g becomes an I/O pin 
of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from Pig. If the exter- 
nal synchronous clock is selected, the clock is input to P1g. 
And P1z5 will be a serial output. To use P1, as a serial input, 
set the directional register bit which corresponds to P14, to 
“OQ”. For more information on the directional register, refer to 
the I/O pin section. 


1/2. | 1/4 | 1/64 


0 ° SM, 
b 6 SMo 


Serial |/O 
interrupt request 
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Bit 4 determines if P17 is used as an output pin for the re- 
ceive ready signal (bit 4=“1”, Sgpy) or used as a normal 
I/O pin (bit 4=“0”). 

When the P17 pin is used as the Sppy output pin, output 
signal can be selected between Srpy signal and SAppy sig- 
nal by using bit 5 in the serial 1/O mode register. The Srpy 
signal is driven “L” by a signal written into the serial I/O 
register to inform that the device is ready to receive. Then, 
the Sapy signal is driven “H” on the first falling edge of the 
transfer clock. 

The SApgpy signal is driven “H” by a signal written into the 
serial |/O register, and driven “L” on the last rising edge of 
the transfer clock. 

The function of serial 1/O differs depending on the clock 
source; external clock or internal clock. 

Internal Clock—The serial I/O counter is set to 7 when data 














Synchronous clock 


Transfer clock 


Serial |/O register write 
signal 

Seriai 1/O output 

Sout 

Serial 1/O input 

Sin 

Receive ready signal 
Srpy 





Fig.9 Serial I/O timing 


is stored in the serial I/O register. At each falling edge of 
the transfer clock, serial data is output to P1,;. During the 
rising edge of this clock, data can be input from P1, and 
the data in the serial 1/O register will be shifted 1 bit. Data 
is output starting with the LSB. After the transfer clock has 
counted 8 times, the serial |/O register will be empty and 


‘the transfer clock will remain at a high level. At this time 


the interrupt request bit will be set. 

External Clock—if an external clock is used, the interrupt 
yvequest bit will be set after the transfer clock has counted 8 
times but the transfer clock will not stop. Due to this 
reason, the external clock must be controlled from the out- 
side. 

Timing diagrams are shown in Figure 9. 


(Do KD X Pz] KOs X_Ds X_Os K_Ps ) 
SE GS GS Gb Ge Gb GS 


Interrupt request bit set 





ae ESS 
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(Address 00DCi.) 


7 0 
PTT TdT dit Serial 1/O mode register (SM) 


internal clock selection bit 
00 : f(Xin) divided by 8 
01 : f(Xin) divided by 16 
10 : f(Xin) divided by 32 
11: {(Xin) divided by 512 


Synchronous clock selection bit 
0 : External clock 
1: Internal clock 


Serial I/O port selection bit 
0 : Normal I/O ports 
LS Sour: CLK pins 


Srapy Signal output selection bit 
0 : Normal I/O port 
1 : Sppy signal output pin 


Srpy Signal selection bit 
0: Srpy signal 
1 : SAgpy signal 


Serial I/O byte specify mode selection bit 
0 : Normal mode 
1 : Byte specify mode 


P15/Sour, P17/Srpy output structure selection bit 
0 : CMOS output 
1 = N-channel open drain output 





Fig. 10 Structure of serial |1/O mode register 


BYTE SPECIFY MODE 

The serial I/O has a byte specify mode that allows one 
specific byte data to be selected tor transmission or recep- 
tion when serial |/O circuits of two or more microcomputers 
are connected to send or receive data through one bus. 
The data to be sent or received can be specified by writing 
a value into the byte counter. The value written in the byte 
counter is decremented by one each time eight cycles of 
transfer clock are input. When the value in the byte counter 
becomes “0”, serial transmission/reception is done by the 
next eight cycles of transfer clock. When the value in the 
byte counter is not “QO”, the output on the Soyuz pin is driven 
“H” by the falling edge of the first transfer clock pulse to in- 
hibit transmission/reception. 

Serial |/O interrupt requests are generated only when se- 
rial transmission/reception is done after the value in the 
byte counter is decremented to “0”. When the SAgpy signal 
output is selected, the SArpy signal is driven “L” by the last 
rising edge of the transfer clock after the value in the byte 
counter is decremented to “0”. 

Note that in the byte mode, an external clock must be used” 
as the sync. clock for the purpose of the mode. 
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A-D CONVERTER 

The A-D conversion uses an 8-bit successive comparison 
method. Figure 11 shows a block diagram of the A-D con- 
version circuit. Conversion is automatically carried out once 
started by the program. 

There are four analog input pins which are shared with P25 
to P23 of port P2. Which analog inputs are to be A-D con- 
verted is specified by using bit 2 to bit 0 in the A-D control 
register (address 00D9,,). Pins for inputs to be A-D con- 
verted must be set for input by setting the directional regis- 
ter bit to “O”. Bit 3 in the A-D control register is a A-D con- 
version end bit. This is “O” during A-D conversion; it is set 
to “1” when the conversion is terminated. Therefore, it is 
possible to Know whether A-D conversion is terminated by 
checking this bit. Bit 4 in the A-D control register is a Vac 
connection selection bit. During A-D conversion, this bit 
must be set “1” for the ladder resistor and Vper pin to be 
connected; after the A-D conversion is terminated, this bit 
can be reset to “0” to separate the ladder resistor from the 
Vrer Pin. In this way, power consumption in the ladder re- 
sistor can be suppressed while no A-D conversion is per- 
formed. Figure 13 shows the relationship between the con- 
tents of A-D control register and the selected input pins. 
The A-D conversion register (address 00DA,.,) contains in- 
formation on the results of conversion, so that it is possible 
to know the results of conversion by reading the contents of 
this register. 

The following explains the procedure to execute A-D con- 
version. First, set values to bit 2 to bit 0 in the A-D control 


register to select the pins that you want to execute A-D 
conversion. Next, clear the A-D conversion terminate bit to 
“0”. When the above is done, A-D conversion is initiated. 
The A-D conversion is completed after an elapse of 50 
machine cycles (254s when f(X;y) =4MHz), the A-D con- 
version end bit is set to “1”, and the interrupt request bit is 
set to “1”. The results of conversion are contained in the 
A-D conversion register. 


A-D control register 
(Address 00D9 4.) 


Analog input selection bit 
000 : IN» 
001 : IN, 
010 : IN 
011 > IN3 


A-D conversion end bit 
Q : Under conversion 
1 : End conversion 


Vrer Connection selection bit 
0 : Vaer tS Separated 
1 : Veer Is connected 





This bit must be set to “0” 





Fig. 12 Structure of A-D control register 


Bata bus 


Lae A-D control register 
(Address 00D9,,) 
ao, Rees eae) ae 


P2o/INo C ) i 
P2,/IN; C ) 
P25/INo C ) 


A-D interrupt request 


A-D conversion register 
(Address 00DA\¢) 


Vss 


P23/IN3 () 


Channel selector 





Fig. 11 A-D converter circuit 
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KEY ON WAKE UP 

“Key on wake up” is one way of returning from a power 
down state caused by the STP or WIT instruction. If any ter- 
minal of port PO has a “L” level applied, after bit 5 of the 
edge polarity selection register (EG;) is set to “1”, an in- 
terrupt is generated and the microcomputer is returned to 
the normal operating state. A key matrix can be connected 
to port PO and the microcomputer can be returned to a nor- 
mal state by pushing any key. 


P33/CNTR, 


P3./CNTRo 


P3o/INTo 


D7 —1Noise 
P3,/INT, EG,| {° ar ag 
x | Dye odes 


eliminating 
EG, circuit 


The key on wake up interrupt is common with the INT, in- 
terrupt. When EGz is set to “1”, the key on wake up func- 
tion is selected. However, key on wake up cannot be used 
in the normal operating state. When the microcomputer is in 
the normal operating state, both key on wake up and INT, 
are invalid. 


Port P33 data read circuit 


CNTR interrupt request signal 


Port P3, data read circuit 


Port P3, data read circuit 


INT interrupt request signal 


Port P3, data read circuit 


EGs 
D— INT, interrupt request signal 


CPU halt 


Pull-up 
control register 


PO, t a: 
ae ID 


ali 


Directional register 


Pull-up 
control register 


PO, i a: 


Directional register 


DB 


pull-up 
control register 


Directional register 


i 


state signal |) 


Port PO data read circuit 


+b-select gate : At reset, shaded side is connected 





Fig. 13 Block diagram of interrupt input and key on wake up circuit 
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RESET CIRCUIT 
The M37470M2-XXXSP is reset according to the sequence Address 
shown in Figure 15. It starts the program from the address 


cleared when timer 4 overflows. 


(10) Timer 12 mode register (112M) (F816)°*" 


(11) Timer 34 mode register (134M) (F94.¢)--° 


(12) Timer mode register 2 (TM2) (FAi6)** PON fee 
(13) CPU mode register (CM) (FBi6)::: fofofo| jolo| 
(14) Interrupt request register 1 (FCy6)*"° fof | [o}ofo| 
(15) Interrupt request register 2 (FDy6)°*° FT ff fofol 
(16) Interrupt control register 1 (FEi6)-*° fo} | jojolo. 
(17) Interrupt contro! register 2 (FFig)-* | | | | fofolo 


Contents of address 
(18) Program counter (PCy): FFFFi¢ 


(1)Port PO directional register (Clig) 
formed by using the content of address FFFF,, as the high 
order address and the content of the address FFFE,, as the (2)Port P1 directional register (C316) 
low order address, when the RESET pin is held at “L” level (3)Port P2 directional register (c5,)| | | | Jolololo 
for no less than 2us while the power voltage is in the re- ee ; 

(4) Port P4 directional register (C946)""° PT ELL TL Jole] 
commended operating condition and then returned to “H” ‘ SAR RRERG 
level. (5)PO pull-up control register (D016): 
The internal initializations following reset are shown in Fi- (6)P1~P4 pull-up control register (D1i6):*° | | | fol fofofo| 
gure 14. (7) ; ; 

Edge selection register (EG) (D44.)--- 
Immediately after reset, timer 3 and timer 4 are connected, . _| lo}2} 2] 2] 6/0! 
and f(Xiy) divided by 16 are counted. At this time, FFi¢ is (8)A-D control register (D916): jo} | [oj1}ofofo| 
set to timer 3, and 07;, is set to timer 4. The reset is (9)Serial I/O mode register (SM) (DCe)"| Oe 


Contents of address 


(PO.)-- FFFE16 


(19) Processor status register (PS): |- Races 


Note - Since the contents of both registers other than those listed 
above (including timers and the serial I/O register) are unde- 
fined at reset, tt is necessary to set initial values 





Fig. 14 Internal state of microcomputer at reset 


RESET 


Internal 
RESET 


ane 8 GB Cd CD > Gp Go CD ae 
eset address 
Data CK KPa K aK KK AO K from the vector table 


Note 1 : Frequency relation of f(Xin) and ¢is f(Xiy)=2 ° ¢ 
32768 counts of f(X,y) 2 : The mark “?” means that the address is changeable 
depending upon the previous state 





Fig. 15 Timing diagram at reset 
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VO PORTS: 


(1) 


4—22 


Port PO 

Port PO is an 8-bit 1/O port with CMOS outputs. As 
shown in Figure 2, PO can be accessed as memory 
through zero page address 00C0j.. Port PO’s direction- 
al register allows each bit to be programmed indi- 
vidually as input or output. The directional register 
(zero page address 00C1,,) can be programmed as 
input with “O”, or as output with “1”. When in the output 
mode, the data to be output is latched to the port latch 
and output. When data is read from the output port, the 
output pin level is not read, only the latched data of the 
port latch is read. Therefore, a previously output value 
can be read correctly even though the output voltage 
level has been shifted up or down. Port pins set as in- 
put are in the high impedance state so the signal level 
can be read. When data is written into the input port, 
the data is latched only to the output latch and the pin 
still remains in the high impedance state. Following the 
execution of STP or WIT instruction, key matrix with 
port PO can be used to generate the interrupt to bring 
the microcomputer back in its normal state. When this 
port is selected for input, pull-up transistor can be con- 
nected in units of 1-bit. 

Port P1 . 

Port P1 has the same function as port PO. P12.~ P17 
serve dual functions, and the desired function can be 
selected by the program. When this port is selected for 
input, pull-up transistor can be connected in units of 4- 
bit. 

Port P2 

Port P2 is an 4-bit |1/O port and has basically the same 
functions as port PO. This port can also be used as an 
analog voltage input pin. When this port is selected for 
input, pull-up transistor can be connected in units of 4- 
bit. 

Port P3 

Port P3 is an 4-bit input port. 


(5) 


Port P4 

Port P4 is an 2-bit I/O port and has basically the same 
functions as port PO. When this port is selected for in- 
put, pull-up transistor can be connected in units of 2- 
bit. 

INT pin (P39/INTo pin) 

This is an interrupt input pin, and is shared with port 
P35. When a “H” to “L” or a “L” to “H” transition input is 
applied to this pin, the INT interrupt request bit (bit 0 
of address O0FD,,) is set to “1”. 

INT, pin (P3,/INT, pin) 

This is an interrupt input pin, and is shared with port 
P3,. When a “H” to “L” or a “L” to “H” transition input is 
applied to this pin, the INT, interrupt request bit (bit 1 
of address O0FD,,) is set to “1”. 

Counter input CNTRo pin (P3./CNTRo pin) 

This is a timer input pin, and is shared with port P3bp. 
When this pin is selected to CNTR» or CNTR, interrupt 
input pin and a “H” to “L” or a “L” to “H” transition input 
is applied to this pin, the CNTR» or CNTR, interrupt re- 
quest bit (bit 2 of address 00FD,,) is set to “1”. 
Counter input CNTR, pin (P3,/CNTR, pin) 

This is a timer input pin, and is shared with port P33. 
When this pin is selected to CNTR», or CNTR, interrupt 
input pin and a “H” to “L” or a “L” to “H” transition input 
is applied to this pin, the CNTR» or CNTR, interrupt re- 
quest bit (bit 2 of address OOFDi,) is set to “1”. 








MITSUBISHI MICROCOMPUTERS 


M37470M2-XXXSP,M37470M4-XXXSP 
M37470M8-XXXSP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

















Port PO 
5 “Pull- -up 
control fegielee if 
a Tr 
> 
ee peD ma 
() 
<q <l 
Interrupt control circuit 
Port P1 


Data bus Te [ots } | 
Tr 2 
iol ns SS a |p 


Data bus Port latch —s 


T; + 
) e 
= mY: 
Directional ae BH} ey OD 


if 

3 
- J. 

J 

ia 

J 

1 


Port P15 


BD; 
4 C 
or Directional’ as —s ime 
me: e 


Data bus es 


|_ 
} Directional register | aa, a -_ 
Port latch 


SO ) do 


Data bus 
Port P19 


allt 5 


Tr 1~T,; 5 are pull-up transistors 


Fig. 16 Block diagram of ports PO~P1 
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a 


if = — =H vot. 
Directional! | Directional register m4 al 


Data bus Port | Port latch | go PTS 


Srpoy 


all 


SM 
sm; 


O 
@ 
Data bus Port latch 


oe 


y 


CLK output CLK input 


Ax 


Z SM | ‘BD; 
-——_ > Sica re 
Directional register | — 

Directional register a A 
cata bs Bt @ 
a: eee pA | vm 
“_ aes 
Sout > e 7 
@ 
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q 
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| 


Data bus Pull-up control register 


Tr 6~Ty 9 are pull-up transistors 


Fig. 17 Block diagram of port P1 
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Port P2 * : Control in units of 4-bit 


Data bus = Pull-up control register* i ae: 
; C T, 10 


—— Directional | Directional register | a 
Data bus | Portlatch | latch eS 


N 


ee, Multi- 
A-D conversion circuit 
Port P3 
Data bus 
Port P3 | 
INTo, INT, 


CNTRo, CNTR; 


* : Control in units of 2-bit 


Pull-up control register* 


Data bus 


Directional register ae: = 7 


Data bus @ 
ra Parte 
) >» 
: | 


alt 


T, 10~T; 11 are pull-up transistors. 


Fig. 18 Block diagram of ports P2~P4 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
21. 

When an STP instruction is executed, the internal clock ¢ 
stops oscillating at “H” level. At the same time, FFi, is set 
in the timer 3, 07,,¢ is set in the timer 4. 

The oscillator is restarted when an interrupt is accepted. 
However, the clock ¢ keeps its “H” level until timer 4 over- 
flows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 

When the WIT instruction is executed, the clock ¢ stops in 
the “H” level but the oscillator continues running. This wait 
state is cleared when an interrupt is accepted. Since the 
oscillation does not stop, the next instructions are executed 
at once. 

To return from the stop or the wait status, the interrupt en- 
able bit must be set to “1” before executing STP or WIT in- 
struction. Especially, to return from the stop status, the tim- 
er 3, timer 4 count stop bit must be set to “O” before ex- 
ecuting STP instruction. 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 19. 

The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 

The example of external clock usage is shown in Figure 20 
Xin is the input, and Xoyrz is open. 


1/8 


WIT 
instruction 


ei Reset 
cs 


Block diagram of clock generating circuit 


STP 
instruction 


Fig. 21 


O 
T34My 
T34M>2 


Interrupt disable flag | 


Interrupt request 





M37470M2-XXXSP 


Xour 





Fig. 19 Example of ceramic resonator circuit 


M37470M2-XXXSP 


Xin Xout 


External oscillating circuit 





Fig. 20. External clock input circuit 


T34Mo 


i: Internal clock ¢ 





STP instruction 


BS ae Select gate : At reset, shaded 
side is connected. 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer is 1/(n+1). 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(4) A NOP instruction must be used after the execution of 
a PLP instruction. 

(5) During A-D conversion, don’t use STP instruction. 


DATA REQUIRED FOR MASK ORDERING 
” Please send the following data for mask orders. 
(1) mask ROM confirmation form 
(2) mask specification form 
(3) = 10) Vike |; | ¢- kkk ee nc nnnnss EPROM 8 sets 
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ABSOLUTE MAXIMUM RATINGS 


Parameter 


Conditions 





Supply voltage 





Input voltage Xin 
Input voltage POg~P07, P19~P17, P29~P23, 
P39~P33, P49 ~P41, Vrer, RESET 
Output voltage P0p~P07, P1p~P17, P29>~P23, P4o~P4:, 


Xout 





ae ee Oe ele 
| 0.3~Veot0.3 | OV 
Vv 


With respect to Vss 
0; 3~Voc+0. 3 


~0.3-Voot0. 3 


Output transistors are 
at “OFF” state 








Power dissipation 


6 2 


[ta = 25 1000 





Operating temperature 


4 
(e) 

xe) 
e 











| 
n 

~~ 
ce} 


Storage temperature 





ee ee ee ee ee 
—20~85 Cc 
—40~150 Cc 


RECOMMENDED OPERATING CONDITIONS 


(Vec=2. 7~5. 5V, Vsg=0V, Ta=—20--85 unless otherwise noted) 







Symbol ' Parameter 


Vcc Supply voltage 





Supply voltage 
“H” Input voltage POg~P07, P19~P17, P39~P33, 
RESET, Xin 


ss 


Vin 
Vin 
Vin 
Vie 
Vin 
Vit 
“H” sum output current PO9~P07, P4p~P4, 

“H” sum output current P19~P17, P29~P23 

“L” sum output current PQo~P07, P49~P4, 

“L” sum output current P1p~P17, P29~P23 

“L” peak output current POg~P07, P19~P17, 

P29~P23, P4g~P4, 
“L” average output current PQo~~P07, Pto~Pt17, 
P29~P23, P4o~P4, 
“H” peak output current POg~P07, Pio~P17, 
P29~P23, P4o~P4, 
“H” average output current POg~P07, P1o9~P17, 
P29~P23, P4p~P4, 

Timer input frequency CNTRo (P32), CNTR; (P33) (Note 1) 
Serial I/O clock input frequency CLK (P1g) (Note 1) 
(Note 1) 


lon(sum) 
lon(sum) 
lor(sum) 
lo.(sum) 


lo.(peak) 
lo.(avg) 
lou( peak) 


lon(avg) 





f(cNTR) 
f(cLk) 
f(Xin) 


Note 1 : 





Clock oscillating frequency 


Oscillation frequency is at 50% duty cycle. 








“H” Input voltage P29~P23, P4g~P4, 0.7Vcc 
“L’ Input voltage PQ9~P07, P19o~P17, P3o~P33 

“L” Input voltage P29>~P23, P4p~P4, 

“L” Input voltage RESET 


“L” Input voltage Xin 


(Note 2) 


(Note 2) 


Limits 
Typ 


0 


_ 
on 


2.7 








0. 8Vcc 


< 
2) 
@) 


0. 2Vcc 


jo) 


sje 
Jlalslslyis 
<i< 
(o) O10 ‘@) 
0 _ {0 


. 6Vcc 


ask 
O16 
3 

> 


nN 
Oo 
> > > 


= 
> 


° 
3 
> 


3 


3 
> 







oO 


RE 
< 
N 


< 
a 
N 


os 





2 : The average output current lon (avg) and lo. (avg) are the average value during a 100ms. 
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ELECTRICAL CHARACTERISTICS (Vcc=2.7~5.5V, Vss=OV, Ta=—20~85, unless otherwise noted) 


Symbol Parameter Test Conditions . 


Vv “H” output voltage POg~PO07, P1o~P17, Voc=5V, lon=—SmA 
a P29~P2s3, P4o, P44 Voc=3V, lonx=—1.5mA 
“L” output voltage POo~P07, Plo~P17, Voc=5V, loc =10mA 
P2o9~P23, P4o, P4y Voc=3V, lor =3mA 
7 


Vor 
Vr+—Vz~— | Hysteresis P0p~P07, P3>~P33 ce 
—— Voc=5V 
V++—-Vy— | Hysteresis RESET 
Voc=3V 
Vec=5V 
Vr+—Vr— | Hysteresis P1g6/CLK use as CLK input ge 
Voc=3V 
Vi=0V, Voc=5V 
not use pull-up transistor Vec=3V 
5V 








Limits 


Min Ty vat 





3 
= 
» 
x 






















‘ SiS 
w}or 


o|O 
wo | G1} Ww 


9 2 
oOo 


z 


3 


“L” input current POg~P07, P19~P17, P389~P32, 






I P4o, P4, Vi=0V, Vec= 
use pull-up transistor Voc=3V = 0 
Voc™=5V 
{ “L” input current P3 Vi=0V 
IL Pp 3 Voc=3V ss 





V\=O0V, ‘not use as analog input] Voc=5V 


= 
> 


not use pull-up transistor Vec=3V 
V,;=0V, not use as analog input] Voc=5V —0.25; —0O. 


m 
use pull-up transistor Voc=3V | —0. 08 | —0. 18 | —0. 35 . 
re ASSET Vi=0V Voomsv | | | S| 
lie L” input current RESET, Xin LA 
(Xn 1s at stop mode) SZ sl A ele (oe IE 


“H” input current P0p~P07, P1p~ P17, P3p~P3p, Vi=Veo, 


| 


in = |Voo=5V | | SC 
H” input current P33 Vi=Voc LA 
|Voo=3v | 








“L” input current P29>~P23 


on 


| 
wl ttt Li li twill I 
olwlalwlalGlolw 


ol 
| GI No} 














it 






iE 


oO 


Vi=Voo, not use as analog input, | Voo=5V_ | | |S, 
Lt 


not use pull-up transistor Voo=3V 


Vi=Voo, Voo=5V 
“H” input current RESET, Xiy i nae ses aed) vow 


At normal operation, Veco=5V 
A-D conversion ts not executed 
Xin=4MHz 
At normal operation, 
A-D conversion is executed 
Xin=4MHz Voc=3V 
At wait mode, Voc=5V 
Xin=4MHz Voc=3V 
Stop all oscillation =25°C 


iH “H” input current P29>~P23 


; 





; 
= 
> 


S}° w 
—-!01 ho on 
w 
Nh (op) “NO 1 @ 
3 
> 












Voc=3V 












Vec=5V 





loc Supply current 





= 
> 


» | 


Voc=5V =85C 10 
RAM retention voltage Stop all oscillation 2 Vv 








A-D CONVERTER CHARACTERISTICS (Vcc=2. 7~5. 5V, Vss=0V, Ta=—20~85, f(Xin)=4MHz, unless otherwise noted) 


Voc=Vrer=5. 12V, | =0mA 
Vot Zero transition error “oer onsurn) 
Voc™Vrer=3. 072V, lou(sum)=OMA 
Voc™=Vrer=5. 12V 
Vest Full-scale transition error . co 
Voc=Vrer=3: 072V 


Conversion time 
Reference input voltage 


Ladder resistance value 








Limits 
Ty 





ne] 


NO 


I+ 
ro) 
© 















N 
rr 
no 
w 








REF 








0.5Vcc 





RiapperR 


Via 





ils 


Analog input voltage 
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DISCRIPTION 

The M37471M2-XXXSP/FP is a single-chip microcomputer 
designed with CMOS silicon gate technology. It is housed 
in a 42-pin shrink plastic molded DIP or a 56-pin plastic 


PIN CONFIGURATION (TOP VIEW) 


P17/Srpy ** 


molded QFP. This single-chip microcomputer is useful for P1,_/CLK +> 
business equipment and other consumer applications. P1s/Sour + [4] 
In addition to its simple instruction set, the ROM, RAM, and P14/Sin + [5 
I/O addresses are placed on the same memory map to en- P13/T, + [6] 


able easy programming. P12/To +* 
The differences among M37471M2-XXXSP/FP, M37471M4- 
XXXSP/FP and M37471M8-XXXSP/FP are noted below. 
The following explanations apply to the M37471M2- 
XXXSP/FP. Specificaiton variations for other chips are 
noted accordingly. 


P2,/IN7 + [10] 
P26/INg > [11 
P2./INs + 


\ 


dSXXX-8WLZPZEWN 
dSXXX-VNILZPLEW 
dSXXX-cWILZPZEW 








[typename | ROMaze | ——=RAM ze —| 
16384 bytes 


The differences between the M37471M2-XXXSP and the 
M37471M2-XXXFP are the package outline and the power 
dissipation ability (absolute maximum ratings). 





P2,/IN, +> 
P2./INo +> 





FEATURES 
@ Number of basic instructions: ssc: rere 69 
@ Memory size 
= 10) \\, eee 4096 bytes (M37471 M2) 
RAM ceeceercettstee ce rstteteeeeese sees 128 bytes (M37471 M2) 


@ Instruction execution time 
sents) 1us (minimum instructions at 4MHz frequency) 


@ Single power supply LAsaaaer sit hotatevaveasahedeneaeak’ 2.7~5.5V 
@ Power dissipation normal operation mode 

Kab Duet ous hehe eTe REL MER @ RENEE 17.5mW (at 4MHz frequency) 
@ Subroutine nesting -+::--+---- 64 levels max. (M37471M2) 
e@ Interrupt ER OR RE I 12types, 10vectors 
@ B-bit timers creer ee ee eee tennant ne eee eaten eee 4 
@ Programmable I/O ports 

(Ports PO, P1, P2, P4) dln ll od vena ia 6c iolaes 6 816 26'S nto covd Wiaeatatoce cb 28 
@ Input ports (Ports P3, P5) ca ytiiei th wa Wiea bien s LA Rneaes Samant Sao 8 
@ Serial \/O (8-bit) ais Sie ie is nai Nevin'e PALO CA iw eae S Sods We TNE DE Aw OT eee bw { 
@ A-D Converter ss ccc eet e teen tee eens 8-bit, 8channel 
APPLICATION 


Audio-visual equipment, VCR, Tuner 
Office automation equipment 


Outline 56P6N 


NC : No connection 








wary 


M37471M2-XXXSP BLOCK DIAGRAM 


Clock Clock 









Input output Reset input 
Xin Xour RESET Vec Vss 
, Clock generating 
cir Data bus 







Xcin Xcour 


J 


a Instruction 
register (8) 


Timer 1 (8) J | 
all 
by decoder 
Timer 2 (8) 7 Control signal 


amet a 
Accumulator || Crimes 
A(8) S(8) fe 


a ips =a | ie 


RAM Program | Program 
counter counter 


128 PCi4(8) PC, (8) 










a 


ROM 
4096 
bytes 


Stack 
pointer 




































Index 
register 


index 
register 
X(8) 


Processor 
status 
register 

PS (8) 


8-bit 
Arithmetic 
and 
logical 
unit 











counter (4 


A- |A-D converter, 
Xcour CNTR, INT, 
Xcwn INTo 
aARABEAI eres aes Ca 
UU ; 7 
Lo a - 03626) : : bhbbbsh aul CISBIBSY-- 


Lhd — 
Se 


Vrer / 
Input port P5 1/O port P4 Input port ‘anes Aer rence 1/O port P2 1/0 port P1 | VO port PO port PO 


voltage input 











Note 1 : 8192 bytes for M37471M4-XXXSP and 16384 bytes for M37471M8-XXXSP 
2 : 192 bytes for M37471M4-XXXSP and 384 bytes for M37471M8-XXXSP 





YALNMUWODOYUDIN SOW) LId-8 dIHD-ATINIS 


di/dSXXX-SINTZVZEN 


dja/dSXXX-VINTZLVLEW dja/dSXXX-ZIWNILPLEW 


SYALNMUWODONUDIN IHSISNSLIW 


z6—p 


DHLOAT3 
IHSIENS_LIN r 


M37471M2-XXXFP BLOCK DIAGRAM 


Clock Clock 
input output 
Xin Xout 








Xcout 


Xcin 


l 


ELAS 





Input port PS 





Reset input 


RESET ‘ Voc Vss AVss 






RAM Program Program 
counter counter 
128 PC.(8) PC_(8) 


bytes 


Processor Index Index Stack 
status register register pointer 
register x(8) Y(8) S(8) 


tJ ft 
ai 


A- |A-D converter | converter 





CNTR, INT, 


INT 


5) 


Veer 
Reference 
voltage input 





1/O port P4 Input port P3 






. F pag) | PH(8) Final | pols) 
IN i ills ai sali WT 
CIROC9— - : DUNE an 4) = 


Data bus 


instruction 

register (8) 

Instruction 
decoder 


Control signal 


ROM 
4096 
bytes 





ee 


=P, sina 


een 
cou een 


| sols) _| 1/0(8 


joeetal = GOGGIN 2ENGOY 


1/O port P2 = ee port P1 Ope. port PO 





Note 1 : 8192 bytes for M37471M4-XXXFP and 16384 bytes for M37471M8-XXXFP 
2 : 192 bytes for M37471M4-XXXFP and 384 bytes for M37471M8-XXXFP 


YALNMWOQJOUDIN SOW) LIES dIHO-ATINIS 


di/dSXXX-8WIZVZEW 


di/dSXXX-pPINIZLPLEW ‘d4/dSXXX-ZWILPZLEW 


SYALNdMWOSOUDIW IHSISNSLIW 


MITSUBISHI MICROCOMPUTERS 


M37471M2-XXXSP/FP,M37471M4-XXXSP/FP 
M37471M8-XXXSP/FP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





FUNCTIONS OF M37471M2-XXXSP/FP, M37471M4-XXXSP/FP, M37471M8-XXXSP/FP 












Number of basic instructions 


instruction execution time 1us (minimum instructions, at 4MHz frequency) 


Clock frequency 4MHz (max ) 
4096 bytes 
M37471M2-XXXSP/FP 
RAM 128 bytes 
ROM 8192 bytes 
M37471M4-XXXSP/FP 
RAM 
1/0 
1/O 








Memory size 


z 
| Timers 8-bit timerxX4 
A-D converter 8-bitX1 (8 channels) 


M37471M4-XXXSP/FP 96 (max ) 


) 
M37471M8-XXXSP/FP 192 (max ) 


Interrupt 5 external interrupts, 6 internal interrupts, 1 software interrupt 
Clock generating circuit Two built-in circuit with internal feedback resistor (ceramic or quartz crystal oscillator ) 


Supply voltage 2. 7~5. 5V 
17.5mW (at 4MHz frequency) 
Input/Output voltage 5V 


Operating temperature range —20~85°C 
M37471M2/M4/M8-XXXSP 42-pin shrink plastic molded DIP 
M37471M2/M4/M8-XXXFP 56-pin plastic molded QFP 


PO, P1, P2 
Input/Output port 


R 


Subroutine nesting 


















Power dissipation 


Input/Output characters 
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PIN DESCRIPTION 


Voce: Supply voltage 
Vss 
Analog power supply 


_ 
Clock output 


VreF Reference voltage 
input 
PO 9~P0O7 | I/O port PO 


P29~ P27 I/O port P2 
P39~ P33 | Input port P3 
P49~P43 | I/O port P4 


P59~ P53 | Input port P5 


Functions 


Power supply inputs 2. 7~5. 5V to Vcc, and OV to Vss 


Ground level input pin for A-D converter 
Same voltage as Vss is applied. This pin is for 56-pin type only. 


To enter the reset state, the reset input pin must be kept at a “L” for more than 2us (under normal Voc 
conditions). 


These are I/O pins of tnternal clock generating circuit for main clock. To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the Xij and Xour pins. If an external 
clock 1s used, the clock source should be connected the Xj pin and the Xour pin should be left open 
Feedback resistor is connected between Xjw and Xour 


This is reference voltage input pin for the A-D converters 


Port PO is an 8-bit 1/O port The output structure is CMOS output 
When this port is selected for input, pull-up transistor can be connected in units of 1-bit and a key on wake 
up function is provided 


Port P1 is an 8-bit |/O port The output structure is CMOS output 

When this port is selected for input, pull-up transistor can be connected in units of 4-bit P12, P13 are in 
common with timer output pins To, T; P14, P15, P16, P17 are in common with serial 1/O pins Sin, Sour, CLK, 
Sony, respectively The output structure of Sour and Srpy can be changed to N-channel! open drain output 


Port P2 is an 8-bit I/O port The output structure is CMOS output 
When this port is selected for input, pull-up transistor can be connected in units of 4-bit 
This port ts in common with analog input pins INo~!N7 


Port P3 is an 4-bit input port P39, P3, are in common with external interrupt input pins INTo, INT, and P32, 
P33 are in common with timer input pins CNTRo, CNTR, 


Port P4 is an 4-bit 1/O port The output structure is CMOS output When this port 1s selected for input, 
pull-up transistor can be connected in units of 4-bit. 


Port P5 is an 4-bit input port and pull-up transistor can be connected in units of 4-bit P59, P5; are in com- 
mon with input/output pins of clock for clock function Xcin, Xcout. When P5o, P5; are used as Xcin, Xcourt, 
connect a ceramic or a quartz crystal oscillator between Xow and Xcour 

If an external clock input is used, connect the clock input to the Xcin pin and open the Xcour pin Feedback 
resistor Is connected between Xcin and Xcour pins 
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FUNCTIONAL DESCRIPTION CPU Mode Register 

Central Processing Unit (CPU) The CPU mode register is allocated to address OOFBi¢. 
The M37471 microcomputers use the standard MELPS 740 This register has a stack page selection bit. 
instruction set. For details of instruction operations, refer to ‘ 

the MELPS 740 CPU core basic functions, or the MELPS 

740 Programming Manual. 

Machine-resident instructions are as follows: 

The FST and SLW instructions are not provided. 

The MUL and DIV instructions are not provided. 

The WIT instruction can be used. 

The STP instruction can be used. 


7 0 
CT TT TTT TJ ov msgs 
(Address 00FBi¢) 
a This bit must always be set to “0.” 


Stack page selection bit 
0: In page 0 area 
1: In page 1 area 


P50, P51/Xcin, Xcour selection bit 
0: P5o, P5, 
1: Xein, Xcout 

Xcour drive capacity selection bit 
0: Low 
1: High 


Clock (Xiw-Xour) stop bit 
0 : Oscillates 
1° Stops 


Internal system clock selection bit 
0 : Xiw-Xour Selected (normal mode) 
1: Xcin-Xcour selected (low-speed mode) 





Fig. 1 Structure of CPU mode register 
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MEMORY 

¢ Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 

e RAM 

RAM is used for data storage as well as a stack area. 
«ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 


RAM(128 bytes) 
for 


RAM(192 bytes) M37471M2 


for 
M37471M4 
M37471M8 


RAM(192 bytes) 
for 
M37471M8 


ROM 
(16K bytes) ROM 
1 (8K bytes) ROM 
M37471M8 for (4K bytes) 
M37471M4 for 
M37471M2 


Fig. 2 Memory map 


¢ Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 
¢ Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

* Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 


Not used 


Zero page 


Special page for 
subroutine call 


| Interrupt vector area 








nee 


00C1,,] Port PO directional register 
00C2,,]} Port P1 

00C3,,{ Port P1 directional register — 
00C4,,| Port P2 

00C5,,| Port P2 directional register 
00C6,,| Port P3 

00C71¢ 
00C8,.,] Port P4 

00C9,,} Port P4 directional register 
OOCAi.6| Port P5 

OOCBi¢ 
00CCi, 
OOCDi., 
OOCEi¢ 
OOCFi¢ 
00D0,¢ | PO pull-up control register 
00D114, | P1~P5 pull-up control register 
00D24¢ 
00D31¢, 
00D4,, | Edge polarity selection register 
00D5;, 
00D6,, | Input latch register 
00D71¢ 
00D81., 
00D9,, | A-D control register 
OODA;,} A-D conversion register 
OODBis 
00DC,¢} Serial |/O mode register 
OODD 4.6} Serial |/O register 
OODE,,} Serial 1/O counter 
OODFi¢ 


Byte counter 


Fig.3 SFR (Special Function Register) memory map 
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00E04., 
O0E1i16 
O0E2i¢ 
O0E31¢ 
O0E4i¢ 
O0E61, 
we7.f 
Geese ed 
ie ed 
7 eo eee 
OOEEi., 
OOEF 16 


OOF2,¢ | Timer 3 
OOF 4i¢ 
OOF 546 


OOF6,,6 
OOF7,¢ | Timer FF register 


OOF 
OOF A 
OOF 
OOF 
OOF Fi 
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INTERRUPTS 

Interrupts can be caused by 12 different events consisting 
of five external, six internal, and one software events. 
Interrupts are vectored interrupts with priorities shown in 
Table 1. Reset is also included in the table because its op- 
eration is similar to an interrupt. 

When an interrupt is accepted, the registers are pushed, 
interrupt disable flag | is set, and the program jumps to the 
address specified in the vector table. The interrupt request 
flag is cleared automatically. The reset and BRK instruction 
interrupt can never be inhibited. Other interrupts are dis- 
abled when the interrupt inhibit flag is set. 

All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter- 
rupt request bits are in interrupt request registers 1 and 2 
and the interrupt enable bits are in interrupt control regis- 
ters 1 and 2. External interrupts INTg and INT, can be 
asserted on either the falling or rising edge as set in the 
edge polarity selection register. When “O” is set to this reg- 
ister, the interrupt is activated on the falling edge; when “1” 
is set to the register, the interrupt is activated on the rising 
edge. 


Table 1. Interrupt vector address and priority. 









1 
INT) interrupt 

| INT; interrupt or key on wake up interrupt_| 

7 









Timer 4 interrupt 
Serial |/O interrupt 
A-D conversion completion interrupt 


BRK instruction interrupt 


External interrupt (INT, is phase programmable) 
External interrupt (phase programmable) 
FFF716, FFF6i¢ 
FFF5,¢, FFF416 
[Fr Se, FFFZig —[ 
oe eater eae ete 
[FreFig, FFE 
Dette ee 


FFEDi.6, FFECi¢ 
FFEBis, FFEAs. Non-maskable software interrupt 


When the device is put into power-down state by the STP 
instruction or the WIT instruction, if bit 5 in the edge polar- 
ity selection register is “1”, the INT, interrupt becomes a 
key on wake up interrupt. When a key on wake up interrupt 
is valide, an interrupt request is generated by applying the 
“L” level to any pin in port PO. In this case, the port used for 
interrupt must have been set for the input mode. 

If bit 5 in the edge polarity selection register is “0” when 
the device is in power-down state, the INT, interrupt is 
selected. Also, if bit 5 in the edge polarity selection regis- 
ter is set to “1” when the device is not in a power-down 
state, neither key on wake up interrupt request nor INT, in- 
terrupt request are generated. 

The CNTR)/CNTR, interrupts function in the same as INTo 
and INT,. The interrupt input pin can be specified for either 
CNTR» or CNTR, pin by setting bit 4 in the edge polarity 
selection register. : : 

Figure 4 shows the structure of the edge polarity selection 
register, interrupt request registers 1 and 2, and interrupt 
control registers 1 and 2. 

Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is “1”, interrupt 
request bit is “1”, and the interrupt disable flag is “O”. The 
interrupt request bit can be reset with a program, but not 
set. The interrupt enable bit can be set and reset with a 
program. 

Reset is treated as a non-maskable interrupt with the high- 
est priority. Figure 5 shows interrupts control. 












MITSUBISHI MICROCOMPUTERS 


M37471M2-XXXSP/FP,M37471M4-XXXSP/FP 
M37471M8-XXXSP/FP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 


Edge polarity selection register (EG) 
(Address 00D4,,) 


INT p edge selection bit 
INT, edge selection bit 
CNTR, edge selection bit 
CNTR, edge selection bit 
0 : Falling edge 
1 : Rising edge 
CNTR)/CNTR, interrupt selection bit 
0 : CNTR, 
1: CNTR, 
INT, source selection bit (at power-down state) 


0 : P3,/INT, 


1: POg~PO, “L” level (for key on wake up) 


7 

Interrupt request register 1 Interrupt request register 2 

(Address O0FC,.) (Address 00FD,,) 
Timer 1 interrupt request bit INT interrupt request bit 
Timer 2 interrupt request bit INT, interrupt request bit 
Timer 3 interrupt request bit CNTR or CNTR, interrupt request bit 
Timer 4 interrupt request bit 0 : No interrupt request 
Serial !/O interrupt request bit he eamerupt peaue sted 


A-D conversion completion 
Interrupt request bit 


Interrupt control register 1 ‘Interrupt control register 2 
(Address 00FE;,) (Address O0FF,,) 
Timer 1 interrupt enable bit INT) interrupt enable bit 
Timer 2 interrupt enable bit . INT, interrupt enable bit 
Timer 3 interrupt enable bit CNTR, or CNTR, interrupt enable bit 
Timer 4 interrupt enable bit 0 : Interrupt disable | 
1 : Interrupt enabled 


Serial |/O interrupt enable bit 


A-D conversion completion 
interrupt enable bit 





Fig. 4 Structure of registers related to interrupt 


Interrupt request bit 


Interrupt enable bit 


Interrupt disable flag | 


BRK instruction Interrupt request 
reset 





Fig. 5 Interrupt control 
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TIMER 

The M37471M2-XXXSP/FP has four timers; timer 1, timer 2, 
timer 3 and timer 4. 

A block diagram of timer 1 through 4 is shown in Figure 6. 
Timer 1 can be operated in the timer mode, event count 
mode, or pulse output mode. Timer 1 starts counting when 
bit 0 in the timer 12 mode register (address OOF8,,) is set 
to “QO”. 


The count source can be selected from the f(Xiy) divided 


by 16, f(Xcw) divided by 16, f(Xcin), or event input from 
P3./CNTRo pin. When bit 1 and bit 2 in the timer 12 mode 
register are “O”, f(Xiy) divided by 16 or f(Xciw) divided by 
16 is selected. Selection between f (Xin) and f (Xow) is 
done by bit 7 in the CPU mode register (address O0FBj,). 
When bit 1 in the timer 12 mode register is “O” and bit 2 is 
“1” £(Xcin) is selected. And, when bit 1 in the timer 12 
mode register is “1”, an event input from the CNTRo pin is 
selected. Event inputs are selected depending on bit 2 in 
the edge polarity selection register (address 00D4;,) . 
When this bit is “0”, the inverted value of CNTRg input is 
selected; when the bit is “1”, CNTRo input is selected. 
When bit 3 in the timer 12 mode register is.set to “1”, the 
P15 pin becomes timer output Tp. When the direction regis- 
ter of P12 is set for the output mode at this time, the timer 1 
overflow divided by 2 is output from To. The initial output 
value can be set by writing the value to bit 0 in the timer FF 
register (address 00F7,,) after setting “1” to bit O in timer 
mode register 2. 

Timer 2 can only be operated in the timer mode. Timer 2 
starts counting when bit 4 in the timer 12 mode register is 
set to “O”. 

The count source can be selected from the divide by 16, 
divide by 64, divide by 128, or divide by 256 frequency of 
f(Xin) or f(Xcin), and timer 1 overflow. When bit 5 in the 
timer 12 mode register is “O”, any of the divide by 16, di- 
vide by 64, divide by 128, or divide by 256 frequency of 
f(Xin) or (Xow) is selected. The divide ratio is selected 
according to bit 6 and bit 7 in the timer 12 mode register, 
and selection between f(Xiy) and f(Xcin) is made accord- 
ing to bit 7 in the CPU made register. When bit 5 in the 
timer 12 mode register is “1”, timer 1 overflow is selected 
as the count source. 

Timer 3 can be operated in the timer mode, event count 
mode, or PWM mode. Timer 3 starts counting when bit 0 in 
the timer 34 mode register (address 00F9,,) is set to “0”. 
The count source can be selected from the f(X,) divided 
by 16, f(Xcin) divided by 16, f(Xcn), timer 1 or timer 2 
overflow, or an event input from P33/CNTR, pins according 
to the statuses of bit 1 and bit 2 in the timer 34 mode regis- 
ter, bit 6 in the timer mode register 2 (address OOFAi¢) and 
bit 7 in the CPU mode register. Note, however, that if timer 
1 overflow or timer 2 overflow is selected for the count 
source of timer 3 when timer 1 overflow is selected for the 


count source of timer 2, timer 1 overflow is always selected, 


regardless of the status of bit 6 in the timer mode register 
2. Event inputs are selected depending on bit 3 in the 
edge polarity selection register. When this bit is “O”, the in- 
verted value of CNTR, input is selected; when the bit is 
“1”, CNTR, input is selected. ; 
Timer 4 can be operated in the timer mode, event count 
mode, pulse output mode, pulse width measuring mode, or 
PWM mode. Timer 4 starts counting when bit 3 in the timer 
34 mode register is set to “O” when bit 6 in this register is 
“0”. When bit 6 is “1”, the pulse width measuring mode is 
selected. The count source can be selected from timer 3 
overflow, f (Xiy) divided by 16, f (Xow) divided by 16, 
f(Xcin), timer 1 or timer 2 overflow, or an event input from 
P33/CNTR, pins according to the statuses of bit 4 and bit 5 
in the timer 34 mode register, bit 6 in the timer mode regis- 
ter 2, and bit 7 in the CPU mode register. Note, however, 
that if timer 1 overflow or timer 2 overflow is selected for 
the count source of timer 4 when timer 1 overflow is 
selected for the count source of timer 2, timer 1 overflow is 
always selected regardless of the status of bit 6 in the tim- 
er mode register 2. Event inputs are selected depending 
on bit 3 in the edge polarity selection register. When this 
bit is “0”; the inverted value of CNTR, input is selected; 
when the bit is “1”, CNTR, input is selected. 

When bit 7 in the timer 34 mode register is set to “1”, the 
P13 pin becomes timer output T;. When the direction regis- 
ter of P13 is set for the output mode at this time, the timer 4 
overflow divided by 2 is output from T; when bit 7 in the 
timer mode register 2 is “0”. The initial output value can be 
set by writing the value to bit 1 in the timer FF register after 
setting “1” to bit 1 in timer mode register 2. 

(1) Timer mode 

Timer perform down count operations with the dividing ratio 
being 1/(n+1). Writing a value to the timer latch sets a 
value to the timer. When the value to be set to the timer 
latch is nnig, the value to be set to a timer is nnig, which is 
down counted at the falling edge of the count source from 
NNnig to (NNy6-1) to (nny™-2) to...0146 to 0016 to FFy,. At the 
falling edge of the count source immediately after timer 
value has reached FF,., value (nnj,¢-1) obtained by sub- 
tracting one from the timer latch value is set (reloaded) to 
the timer to continue counting. At the rising edge of the 
count source immediately after the timer value has reached . 
FF1.¢, an overflow occurs, an interrupt request. 

(2) Event count mode 

Timer operates in the same way as in the timer mode ex- 
cept that it counts input from the CNTR, or CNTR, pin. 

(3) Pulse output mode 

In this mode, duty 50% pulses are output from the To or T, 
pin: When the timer overflows, the polarity of the Tp or T; 
pin output level is inverted. 

(4) Pulse width measuring mode 

The M37471 can measure the “H” or “L” width of the 
CNTRp or CNTR, input waveform by using the pulse width 
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measuring mode of timer 4. The pulse width measuring 
mode is selected by writing “1” to bit 6 in the timer 34 
mode register. In the pulse width measuring mode, the tim- 
er counts the count source while the CNTR» or CNTR, input 
is “H” or “L”. Whether the CNTR, input or CNTR, input be 
measured .can be specified by the status of bit 4 in the 
edge polarity selection register; whether the “H” width or 
“L” width be measured can be specified by the status of bit 
2 (CNTR,) and bit 3 (CNTR;) in the edge polarity selec- 
tion register. 

(5) PWM mode 

The PWM mode can be entered for timer 3 and timer 4 by 
setting bit 7 in the timer mode register 2 to “1”. In the PWM 
mode, the P13 pin is set for timer output T; to output PWM 
waveforms by setting bit 7 in the timer 34 mode register to 
“1”. The directional register of P13 must be set for the out- 
put mode before this can be done. 

In the PWM mode, timer 3 is counting and timer 4 is idle 
while the PWM waveform is “L”. When timer 3 overflows, 
the PWM waveform goes “H”. At this time, timer 3 stops 
counting simultaneously and timer 4 starts counting. When 
timer 4 overflows, the PWM waveform goes “L”, and timer 4 
stops and timer 3 starts counting again. Consequently, the 
“L” duration of the PWM waveform is determined by the 
value of timer 3; the “H” duration of the PWM waveform is 
determined by the value of timer 4. , 
When a value is written to the timer in operation during the 
PWM mode, the value is only written to the timer latch, and 
not written to the timer. In this case, if the timer overflows, a 
value one less the value in the timer latch is written to the 
timer. When any value is written to an idle timer, the value 
is written to both the timer latch and the timer. 

In this mode, do not select timer 3 overflow as the count 
source for timer 4. 


INPUT LATCH FUNCTION 

The M37471 can latch the P39/INTp, P3,/INT,, P32/CNTRo, 
and P33/CNTR, pin level into the input latch register 
(address 00D6,,) when timer 4 overflows. The polarity of 
each pin latched to the input latch regiser can be selected 
by using the edge polarity selection register. When bit 0 in 
the edge polarity selection register is “0”, the inverted 
value of the P3,)/INTg pin level is latched; when the bit is 
“1”, the P39/INTo pin level is latched as is. When bit 1 in 
the edge polarity selection register is “0”, the inverted 
value of the P3,/INT, pin level is latched; when the bit is 
“1” the P3,/INT, pin level is latched as is. When bit 2 in 
the edge polarity selection register is “0”, the inverted 
value of the P3./CNTRg pin level is latched; when the bit is 
“1”, the P3./CNTRo pin level is latched as is. When bit 3 in 
the edge polarity selection register is “0”, the inverted 
value of the P33/CNTR, pin level is latched; when the bit is 
“4”, the P33/CNTR, pin level is latched as is. 





¢ MITSUBISHI far 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


| M37471M2-XXXSP/FP,M37471M4-XXXSP/FP 
M37471M8-XXXSP/FP 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 


Kei O Data bus 
al 
1/24 
CM T12M 





Xin 


Timer 1 


P32/CNTRo O po interrupt request bit 





Port latch 


P12/To C) ay, 


Timer 2 
interrupt request bit 






Timer 3 latch (8) | 


U0 

G 

o 

~ 

QO 

z= 

= 

= 

O 
y 
O 

ay, 
eal 
O O 
O O 
fe 












mere Timer 3 
f Timer 3 (8) interrupt request bit 
EG3 
0 | ee 
O-O— T34M, 
T34Ms 
= 
Timer 4 latch (8) 
Oo 


Timer 4 
0 pe. Timer 4 (8) a interrupt request bn 
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Fig.6 Block diagram of timer 1 through 4 
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Timer mode register 2 (TM2) 
(Address O0FA;,) 


Timer 1 overflow FF set enable bit 
0 : Set disable 
1 : Set enable 

Timer 4 overflow FF set enable bit 
0 : Set disable 
1: Set enable 


Timer 3, timer 4 count overflow signal 
selection bit 


0 : Timer 1 overflow 
1: Timer 2 overflow 
Timer 3, timer 4 function selection bit 
0 : Normal mode 
1 >: PWM mode 


7 0 
Pt dT tt td Timer 12 mode register (T12M) 


(Address 00F8,,) 


Timer 1 count stop bit 
0 : Count start 
1 : Count stop 
Timer 1 count source selection bit 
0 : Internal clock 
1 : P32./CNTRg external clock 
Timer 1 internal clock source 
selection bit 
0 : f(Xiy) divided by 16 or 
f(Xcin) divided by 16 
1: f(Xoin) 
Plz/To port output selection bit 
0 : Plo port output 
1: Timer 1 overflow divided by 2 
Timer 2 count stop bit 
0 : Count start 
1 : Count stop 
Timer 2 count source selection bit 
0 : Internal clock 
1: Timer 1 overflow 
Timer 2 internal clock source 
selection bit 
00 : f(Xiy) divided by 16 or 
(Xow) divided by 16 
01 : f(Xi) divided by 64 or 
f(Xcin) divided by 64 
10 : f(Xiy) divided by 128 or 
f(Xow) divided by 128 
11: f(Xiy) divided by 256 or 
f(Xcin) divided by 256 


Fig. 7 Structure of timer mode registers 


d 0 
rT tt tt dd Timer 34 mode register (T34M) 


(Address 00F9,.) 


Timer 3 count stop bit 
0 : Count start 
1 : Count stop 
Timer 3 count source selection bit 
00 : f(Xinq) divided by 16 or 


f(Xcin) divided by 16 
01 > f(Xoin) 


10 : Timer 1 overflow or timer 2 overflow 
11 : P33/CNTR, external clock 
Timer 4 count stop bit 
0 : Count start 
1 : Count stop 
Timer 4 count source selection bit 
00 : Timer 3 overflow 
01 : f(Xiy) divided by 16 or 
f(Xcin) divided by 16 
10 : Timer 1 overflow or timer 2 overflow 
11 > P33/CNTR, external clock 
Timer 4 pulse width measuring mode 
selection bit 
0 : Timer mode 
1 : Pulse width measuring mode 
P13/T, port output selection bit 
0 : Plz port output 
1° Timer 4 overflow divided by 2 
or PWM output 
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SERIAL I/O 

The block diagram of serial |/O is shown in Figure 8. In the 
serial |1/O mode, the receive ready signal (Seaw): synchro- 
nous input/output clock (CLK), and the serial I/O (Sour, 
Sin) pins are used as P17, Pig, P15, and P14, respectively. 
The serial I/O mode register (address 00DC;¢) is an 8-bit 
register. Bit 2 of this register is used to select a synchro- 
nous clock source. When this bit is “0”, an external clock 
from Pig is selected. When this bit is “1”, an internal clock 
is selected. 

The internal clock can be selected from among the divide 
by 8, divide by 16, divide by 32, divide by 512 frequency of 
the oscillator frequency f(Xjy) or f(Xcin). The divide ratio is 


SArpy 


Sarpy 


CLK input 


CLK output 


Fig. 8 Block diagram of serial I/O 


4 Sync 


circuit C 
a eo 


Serial !/O counter (3) 


selected according to bit 0 and bit 1 in the serial |1/O mode 
register, and selection between f(X,y) and f(Xcn) is mode 
according to bit 7 in the CPU mode register. 

Bits 3 and 4 decide whether parts of P1 will be used as a 
serial 1/O or not. When bit 3 is “1”, P1g becomes an I/O pin 
of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P1g¢. If the exter- 
nal synchronous clock is selected, the clock is input to P1.. 
And P1; will be a serial output. To use P1, as a serial input, 
set the directional register bit which corresponds to P14, to 
“0”. For more information on the directional register, refer to 
the I/O pin section. 


1/2 1/4 1/64 


SM: 
~ SMo 


Serial I/O 
interrupt request 
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Bit 4 determines if P17 is used as an output pin for the re- 
ceive ready signal (bit 4=“1”, Spapy) or used as a normal 
I/O pin (bit 4=“0”). 

When the P17 pin is used as the Srpy output pin, output 
signal can be selected between Sprpy signal and SArpy sig- 
nal by using bit 5 in the serial |1/O mode register. The Sarpy 
signal is driven “L” by a signal written into the serial I/O 
register to inform that the device is ready to receive. Then, 
the Srapy signal is driven “H” on the first falling edge of the 
transfer clock. 

The SAgpy signal is driven “H” by a signal written into the 
serial |/O register, and driven “L” on the last rising edge of 
the transfer clock. 

The function of serial |/O differs depending on the clock 
source; external clock or internal clock. 














internal Clock — The serial I/O counter is set to 7 when 
data is stored in the serial I/O register. At each falling 
edge of the transfer clock, serial data is output to P1;. Dur- 
ing the rising edge of this clock, data can be input from P1, 
and the data in the serial I/O register will be shifted 1 bit. 
Data is output starting with the LSB. After the transfer clock 
has counted 8 times, the serial |/O register will be empty 
and the transfer clock will remain at a high level. At this 
time the interrupt request bit will be set. 

External Clock— If an external clock is used, the interrupt 
request bit will be set after the transfer clock has counted 8 
times but the transfer clock will not stop. Due to this 
reason, the external clock must be controlled from the out- 
side. 

Timing diagrams are shown in Figure 9. 


synchronous clock | [| LP LEPLI LI LILI LIE LI LU LI LU Ld 


Transfer clock 


Serial |/O register write 
signal 

Serial I/O output 

Sout 

Serial 1/O input 

Sin 


Receive ready signal 
Srpy 


Fig.9 Serial !/O timing 
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Interrupt request bit set 
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7 0 
ee tel Serial |/O mode register (SM) 


(Address 00DC,.) 


Internal clock selection bit 


00 : f(Xin) or f(Xcin) divided by 8 
01: (Xing) or (Xow) divided by 16 


10 : f(Xin) or F(X) divided by 32 
11 + f(Xiw) or f(Xein) divided by 512 


Synchronous clock selection bit 


0 : External clock 
1 : Internal clock 


Serial |/O port selection bit 


0 : Normal I/O port 
1° Sour, CLK pins 


Srpy signal output selection bit 





0 = Normal 1/O port 
1° Sppy signal output pin 


Srpy signal selection bit 





1° SArpy signal 


Serial I/O byte specify mode selection bit 


0 : Normal mode 
1 : Byte specify mode 


Pis/Sour , P17/Srpy output structure selection bit 


Fig. 10 Structure of serial 1/O mode register 


BYTE SPECIFY MODE 

The serial 1/O has a byte specify mode that allows one 
specific byte data to be selected for transmission or recep- 
tion when serial |/O circuits of two or more microcomputers 
are connected to send or receive data through one bus. 
The data to be sent or received can be specified by writing 
a value into the byte counter. The value written in the byte 
counter is decremented by one each time eight cycles of 
transfer clock are input. When the value in the byte counter 
becomes “0”, serial transmission/reception is done by the 
next eight cycles of transfer clock. When the value in the 
byte counter is not “O”, the output on the Soyuz pin is driven 
“H” by the falling edge of the first transfer clock pulse to in- 
hibit transmission/reception. 

Serial !1/O interrupt requests are generated only when se- 
rial transmission/reception is done after the value in the 
byte counter is decremented to “0”. When the SApgpy signal 
output is selected, the SArpy signal is driven “L” by the last 
rising edge of the transfer clock after the value in the byte 
counter is decremented to “0”. 

Note that in the byte mode, an external clock must be used 
as the sync. clock for the purpose of the mode. 


0 - CMOS output 
1 : N-channel open drain output 
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A-D CONVERTER 

The A-D conversion uses an 8-bit successive comparison 
method. Figure 11 shows a block diagram of the A-D con- 
version circuit. Conversion is automatically carried out once 
started by the program. 

There are eight analog input pins which are shared with 
P2, to P27 of port P2. Which analog inputs are to be A-D 
converted is specified by using bit 2 to bit 0 in the A-D 
control register (address 00D9,,). Pins for inputs to be A-D 
converted must be set for input by setting the directional 
register bit to “O”. Bit 3 in the A-D control register is a A-D 
conversion end bit. This is “O” during A-D conversion; it is 
set to “1” when the conversion is terminated. Therefore, it 
is possible to know whether A-D conversion is terminated 
by checking this bit. Bit 4 in the A-D control register is a 
Vrer Connection selection bit. 

During A-D conversion, this bit must be set “1” for the lad- 
der resistor and Vrer pin to be connected; after the A-D 
conversion is terminated, this bit can be reset to “0” to 
separate the ladder resistor from the Vrer pin. In this way, 
power consumption in the ladder resistor can be suppres- 
sed while no A-D conversion is performed. Figure 13 shows 
the relationship between the contents of A-D control regis- 
ter and the selected input pins. 

The A-D conversion register (address 00DA;.) contains in- 
formation on the results of conversion, so that it is possible 
to know the results of conversion by reading the contents of 
this register. 

The following explains the procedure to execute A-D con- 
version. First, set values to bit 2 to bit 0 in the A-D control 
register to select the pins that you want to execute A-D 





conversion. Next, clear the A-D conversion terminate bit to 
“0”. When the above is done, A-D conversion is initiated. 
The A-D conversion is completed after an elapse of 50 
machine cycles (254s when f(X;,) =4MHz), the A-D con- 
version end bit is set to “1”, and the interrupt request bit is 
set to “1”. The results of conversion are contained in the 
A-D conversion register. 


A-D control register 
(Address 00D9,4) 


Analog input selection bit 
000 : INo 
001 : IN, 
010 : IN, 
011: IN3 
100 : IN, 
101: INs 
110° INg 
111° IN, 


A-D conversion end bit 
Q : Under conversion 
1 : End conversion 


Vrer Connection selection bit 
0: Vrer iS Separated 
1: Vrer is connected 


This bit must be set to “0” 


Fig. 12 Structure of A-D control register | 


Data bus 


A-D control register 
(Address 00D94.) 


P2o/INg ©) 


A-D control circuit 
A-D conversion register 
(Address 00DAi,) 


" / 


A-D interrupt request 
P2,/IN;C) 


P2./IN>oC) 


Comparator 


P23/IN3C) 


P2,/IN,— 


P2./INs 


Switch tree 
Ladder resistor 


Channel selector 


P26/INgC) 


P27/IN7 C) 


Vv V 
Note. AVsgg for 56-pin type ss (Note) REF 





Fig. 11 A-D converter circuit 
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KEY ON WAKE UP mal state by pushing any key. 

“Key on wake up” is one way of returning from a power The key on wake up interrupt is common with the INT, in- 
down state caused by the STP or WIT instruction. If any ter- terrupt. When EG; is set to “1”, the key on wake up func- 
minal of port PO has a “L” level applied, after bit 5 of the tion is selected. However, key on wake up cannot be used 
edge polarity selection register (EGs) is set to “1”, an in- in the normal operating state. When the microcomputer is in 
terrupt is generated and the microcomputer is returned to the normal operating state, both key on wake up and INT, 
the normal operating state. A key matrix can be connected are invalid. 


to port PO and the microcomputer can be returned to a nor- 


P33/CNTR, 


Port P33 data read circuit 


P32/CNTRo CNTR interrupt request signal 


Port P3. data read circuit 


(ps) ON /2 


P3o/ INT, XIN © iy 
7 


lp fas Port P3, data read circuit 
oO E INT, interrupt request signal 


Noise 


lip ae —— > Port P3, data read circuit 
o> EGs 


Noise 
EG, ) INT, interrupt request signal 


CPU halt 
vas Pull-up state signal | ) 
L control register 


Directional register 


Xcin 
0 


Pull-up 
control register 


Directional register 
7 _7 Port PO data read circuit 


Pull-up 
0 control register 
Gi 
P0o Directional register 


ab- Select gate: At reset, shaded side ts connected 





Fig. 13 Block diagram of interrupt input and key on wake up circuit 
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RESET CIRCUIT 

The M37471M2-XXXSP/FP is reset according to the sequ- 
ence shown in Figure 15. It starts the program from the 
address formed by using the content of address FFFFi¢ as 
the high order address and the content of the address 
FFFE,, as the low order address, when the RESET pin is 


Port PO directional register 


Port P1 directional register 


Port P2 directional register 


Address 
(Clie) 
(C346)°°° 
(C5,6)-" 


0016 
0016 
0046 


held at “L” level for no less than 2us while the power vol- 
tage is in the recommended operating condition and then 
returned to “H” level. 

The internal initializations following reset are shown in Fi- 
gure 14. 

Immediately after reset, timer 3 and timer 4 are connected, 
and the f(Xiy) divided by 16 are counted. At this time, FFi¢ 
is set to timer 3, and 07,1. is set to timer 4. The reset is 
cleared when timer 4 overflows. 


Port P4 directional register (C916) 


Lt [e}o}o/o] 
PO pull-up control register (DOi6)°: 0016 

0) {0} 0/0] 0] 
_|9} 0} 0/0] 0| 
o| | [ojrjojo 


Serial |/O mode register (SM)(DC4.)-°- 0046 


P1~P5 pull-up control register (Dlig)' 
Edge selection register (EG) (D44.):-° 


A-D control register (D946)°*° 


Timer 12 mode register (T12M) (F8y,)--- 


Timer 34 mode register (T34M) (F9416)°°: 0016 


o}oj0| |ololo 
Interrupt request register 2 (FDi6)°"° 0 


Contents of address 
Program counter (PCy): FFF a6 


Timer mode register 2. (TM2) (FAi6)-*- 


CPU mode register (CM) (FBy6)"*° 


interrupt request register 1 (FCi6)** 


Interrupt control register 1 (FEi6)*"° 


interrupt control register 2 (FFig)-°° 


Contents of address 
FFFE16 


gee 


Note : Since the contents of both registers other than those listed 
above (including timers and the, serial I/O register) are 
undefined at reset, it is necessary to set initial values 


(PC,):: 


Processor status register (PS)-: 





Fig. 14 Internal state of microcomputer at reset 


d 
RESET 


Internal 
RESET 


SYNC 


Address 


LK 02-5 Kee. 9X00. 2K FFE FFF Xn AD) 
Data "KKK PK PSK A. K ADn ) 


Note 1: Frequency relation of f(Xiy) and gis (Xn) =2°¢ 
32768 counts of f( Xin) 2: The mark “?” means that the address is changeable 
depending upon the previous state 


Reset address 
from the vector table 


Fig. 15 Timing diagram at reset 
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/O PORTS 


(1) 


Port PO 

Port PO is an 8-bit I/O port with CMOS outputs. As 
shown in Figure 2, PO can be accessed as memory 
through zero page address 00C0j.. Port PQ’s direction- 
al register allows each bit to be programmed indi- 
vidually as input or output. The directional register 
(zero page address 00C1;,) can be programmed as 
input with “O”, or as output with “1”. When in the output 
mode, the data to be output is latched to the port latch 
and output. When data is read from the output port, the 
output pin level is not read, only the latched data of the 
port latch is read. Therefore, a previously output value 
can be read correctly even though the output voltage 
level has been shifted up or down. Port pins set as in- 
put are in the high impedance state so the signal level 
can be read. When data is written into the input port, 
the data is latched only to the output latch and the pin 
still remains in the high impedance state. Following the 
execution of STP or WIT instruction, key matrix with 
port PO can be used to generate the interrupt to bring 
the microcomputer back in its normal state. When this 
port is selected for input, pull-up transistor can be con- 
nected in units of 1-bit. 

Port P1 

Port P1 has the same function as port PO. P12~ P17 
serve dual functions, and the desired function can be 
selected by the program. When this port is selected for 
input, pull-up transistor can be connected in units of 4- 
bit. 

Port P2 

Port P2 has the same function as port PO. This port can 
also be used as an analog’ voltage input pin. When this 
port is selected for input, pull-up transistor can be con- 
nected in units of 4-bit. 

Port P3 

Port P3 is an 4-bit input port. 


(5) 


Port P4 : 
Port P4 is an 4-bit |/O port and has basically the same 
functions as port PO. When this port is selected for in- 
put, pull-up transistor can be connected in units of 4- 
bit. 

Port P5 

Port P5 is an 4-bit input port and pull-up transistor can 
be connected in units of 4-bit. P59 and P5, are shared 
with clock generating circuit input/output pins. 

INTy pin (P39/INTo pin) 

This is an interrupt input pin, and is shared with port 
P39. When a “H” to “L” or a “L” to “H” transition input is 
applied to this pin, the INTo interrupt request bit (bit 0 
of address 00FD,,) is set to “1”. 

INT, pin (P3,/INT, pin) 

This is an interrupt input pin, and is shared with port 
P3,. When a “H” to “L” or a “L” to “H” transition input is 
applied to this pin, the INT, interrupt request bit (bit 1 
of address O00FD,,) is set to “1”. 

Counter input CNTRo pin (P32/CNTR, pin) 

This is a timer input pin, and is shared with port P35. 
When this pin is selected to CNTRo or CNTR, interrupt 
input pin and a “H” to “L” or a “L” to “H” transition input 
is applied to this pin, the CNTR» or CNTR, interrupt re- 
quest bit (bit 2 of address OOFD,,) is set to “1”. 
Counter input CNTR, pin (P33/CNTR, pin) 

This is a timer input pin, and is shared with port P33. 
When this pin is selected to CNTRo or CNTR, interrupt 
input pin and a “H” to “L” or a “L” to “H” transition input 
is applied to this pin, the CNTR» or CNTR, interrupt re- 
quest bit (bit 2 of address OOFD;,) is set to “1”. 
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Tri~T,5 are pull-up transistors 





Fig. 16 Block diagram of ports PO~P1 
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q 
Data bus Pull-up control register 


Tr6~T/9 are pull-up transistors 


Fig. 17 Block diagram of port P1 
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Port P2 * : Control in units of 4-bit 


Data bus x Pull-up control register* : »: 
q T;10 


Ps Directional register t++$—D 
: Port latch j 


Data bus & 
—:' = il ~ 
| 
4 > 
-: 
Multi- 
A-D conversion circuit plexer 


Port P3 
Data bus 
Port P3 
A INT, INT; 


CNTRo, CNTR, 


Port P4 * : Control in units of 4-bit 


Data bus e Pull-up control register* : i: 
eo Tri1 


Directional register 
Data bus © Port latch : SS 
, Port P4 
0 ) 
A SL ’ | 
() 


( 


Tr10~Ty;11 are pull-up transistors 


Fig. 18 Block diagram of ports P2~P4 
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Fig. 19 Block diagram of port P5 
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CLOCK GENERATING CIRCUIT 

The M37471M2-XXXSP/FP has two internal clock generat- 
ing circuits. Figure 22 shows a block diagram of the clock 
generating circuits. Normally, the frequency applied to the 
clock input pin Xi divided by two is used as the internal 
clock ¢. Bit 7 of CPU mode register can be used to switch 
the internal clock ¢to 1/2 the frequency applied to the 
clock input pin Xouin. 

Figure 20 shows a circuit example using a ceramic (or 
crystal) oscillator. Use the manufacturers recommended 
values for constants such as capacitance which will differ 
depending on each oscillator. When using an external clock 
signal, input from the Xin (Xcin) pin and leave the Xouyr 
(Xcour) pin open. A circuit example is shown in Figure 21. 

The M37471M2-XXXSP/FP has two low power dissipation 
modes; stop and wait. The microcomputer enters a stop 
mode when the STP instruction is executed. The oscillator 
(both Xj clock and Xo clock) stops with the internal 
clock ¢held at “H” level. In this case timer 3 and timer 4 
are forcibly connected and FF. is automatically set in timer 
3 and 074. in timer 4. 

Although oscillation is restarted when an external interrupt 
is accepted, the internal clock ¢ remains in the “H” state 
until timer 4 overflows. In other words, the internal clock ¢ 
is not supplied until timer 4 overflows. This is because 
when a ceramic or similar other oscillator is used, a finite 
time is required until stable oscillation is obtained after res- 
tart. 

The microcomputer enters a wait mode when the WIT in- 
struction is executed. The internal clock ¢stops at “H” 
level, but the oscillator does not stop. ¢ is re-supplied (wait 
mode release) when the microcomputer recieves an inter- 
rupt. 

Instructions can be executed immediately because the 
oscillator is not stopped. The interrupt enable bit of the in- 
terrupt used to reset the wait mode or the stop mode must 
be set to “1” before executing the WIT or the STP instruc- 
tion. 

Low power dissipation operation is also achieved when the 
Xin Clock is stopped and the internal clock ¢is generated 
from the Xow clock (30uA typ. at f(Xcin) = 32kKHZ). Xin 
clock oscillation is stopped when the bit 6 of CPU mode 
register is set and restarted when it is cleared. However, 
the wait time until the oscillation stabilizes must be gener- 
ated with a program when restarting. Figure 24 shows the 
transition of states for the system clock. 





M37471M2-XXXSP/FP 


Xin Xour Xcin Xcout 
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Fig. 20 Example of ceramic resonator circuit 
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External oscillating circuit 
or external pulse 
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Fig. 21 External clock input circuit 
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Fig. 22 Block diagram of clock generating circuit 


CTL] ses 
| (Address 00FB,.) 


This bit must always be set to “0” 


Stack page selection bit 
0: In page O area 
1° In page 1 area 


P5o, P5,;/Xcin; Xcout selection bit 
0: PSo, P5, 
1} Xen, Xcour 


Xcour drive capacity selection bit 
0: Low 
1: High 

Clock (Xin-Xour) stop bit 


0: Oscillates 
1 = Stops 


Internal system clock selection bit 
0 : Xin-Xour Selected (normal mode) 
1 : Xcin-Xcour selected (low-speed mode) 





Fig. 23 Structure of CPU mode register 
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f(Xin) oscillation WIT instruction (Xin) oscillation 













STP instruction (Xin) stop 


$$ $$ $$$ 


f(Xcin) stop t(Xcin) stop 


f(Xcin) Stop 
a —_—______.__. 
Interrupt (Note 1) 


P5o, P51 input 
o=t(Xw)/2 


¢ stop > 


Interrupt 


¢@ stop 
Timer operation 


CMs=1 


CM,=0 
CM,=1 


(Note 2) 

















f( Xi) oscillation WIT instruction 


f(Xiy) oscillation f(Xin) stop 


f(Xcin) stop 


STP instruction 
—_————_—__—-_____ 












(X, oscillation 
(Xen) f(Xcin) oscillation 


p =f(Xin)/2 


———______ 


@ stop 
Interrupt (Note 1) 


$e 
Interrupt 


¢ stop 
Timer operation 














WIT instruction 
$$ _________ 


(Xin ) oscillation 








f(Xjw) oscillation STP instruction 






f(Xin) stop 
f(Xcin) oscillation 
{(Xcin) oscillation 


o=1( Xow) /2 






(Xow) stop 





¢@ stop 
et 


Interrupt 


a | 
Interrupt (Note 1) ¢ stop 


Timer operation 


CM.s=0 
(Note 2) 


CM.=1 



























f(Xin) stop WIT instruction (Xm) CMs=1 

1(Xin) stop STP instruction (Xin) stop 
f(Xcin) oscillation See ERIC APE OO 

f(Xcin) oscillation (Xen) stop 
¢ stop Pi a 


te 
Interrupt 


$=f(Xcin)/2 Interrupt (Note 1) ¢ stop 


Timer operation 


Note 1: Latency time are automatically generated upon release from the STP instruction due to the connections of timer 
3 and 4. 
2: When the system clock is switched over by restarting clock oscillation, a certain wait ttme required for oscillation 
to stabilize must be inserted by the program. 


Fig. 24 Fransition of states for the system clock. 
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<An example of flow for system> 


Power on reset 
Clock X peoera 
Internal system clock start (X +1/2—¢) 


Program start from RESET vector 


Normal operation 


Normal program +-Operating at f(Xin) 


Clock for clock function Xc oscillation start (CM,=1, CMs=1) 


Oscillation rise time routine (software) +Operating at f( Xin) 


Xc clock power down (CMs: 1—>0) 

Internal clock ¢ souks switching X—-Xco (CM;7: 0-1 ) 
Clock X halt(X. in operation) (CM,=1) 

Internal clock neni instruction) 

Timer 4 (clock count) overflow 


Internal clock operation start (WIT instruction released) 


Operation on the clock function only 


i 


Clock processing routine + Operating at f(Xoin) 


Internal clock halt (WIT instruction) 

Interrupts from INTo, INT;, CNTRo/CNTR;, timer 1, timer 2, timer 3, timer 4, serial |1/O, key on wake up 
Internal clock operation start (WIT instruction released) 

Program start from interrupt vector 


Clock X oscillation start (CMg=0) 
Oscillation rise time routine (software) +Operating at f(Xcin) 


Internal clock ¢ source switching (X——~X)(CM7: 170) 


Return from clock function 
“sn -_ +- -_ + 


Normal program — Operating at f( Xin) 
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RAM backup function 


Return from RAM backup function 


‘| 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 


STP instruction preparation (pushing registers) 


| 


Timer 3, timer 4 interrupt disable 

X/16 or X-/16 selected for timer 3 count source; timer 3 overflow selected for timer 4 count source 
Timer 3, timer 4 4 counting 

Values set to timer 3, timer 4 that do not cause timer 4 to overflow until STP instruction is executed 
Interrupt for return from STP enabled 

Timer 4 interrupt egies bit cleared 


Clock X and clock for clock function X_. halt (STP instruction) 


RAM backup status 


Interrupts from INTo, INT;, CNTRo/CNTR;, timer 1, timer 2, serial |1/O, key on wake up 
Clock X and sese for clock function X. oscillation start 

Timer 4 overflow (X/16 or X-/16—timer 3 —timer 4) 

Internal system clock start 


Program start from interrupt vector 


Normal program 


ELECTRIC 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer is 1/(n+1) 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(4) A NOP instruction must be used after the execution of 
a PLP instruction. 

(5) During A-D conversion, don’t use STP instruction. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mask specification form 

(3) =1@)\\, ie || ( Re eer EPROM 3 sets 
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ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter Conditions | Ratings 


Vv; Input voltage Xin —0.3~Vocot0. 3 
Input voltage PO 9~P07, P19~P17, P29 ~P27, With respect to Vss 

Vi 

Vo 


P39~ P33, P4g~ P43, P59~ P53, Output transistors are 
Vrer, RESET at “OFF” state 


Output voltage PO p~P07, P1p~P17, P29~P27, P4p~P4s, 
Xout 


Power dissipation 


Topr Operating temperature 
Tstg Storage temperature 


Note 1 : 500mW for QFP type 








RECOMMENDED OPERATING CONDITIONS 


(Voec=2. 7~5. 5V, Vss=AVs5=0V, Ta=—20~85°C unless otherwise noted) 


Limits 
Symbol Parameter 


Supply voltage Bik 

Supply voltage 
1H 
IH 
IL 
IL 
IL 
IL 














Analog supply voltage 


“H” Input voltage POg~P07, P19~P17, P89 ~P33, 
RESET, Xin 
“ ” 
H” Input voltage P29~P27, P4p9~P43, P5p~P53 (Note 1) 
“L” Input voltage PO9~P07, P19~P17, P39~P33 


V 
V 
V 
V 
V 
V 


























“L” Input voltage P29~P2;7, P49~~ P43, P5p ~~ P53 (Note 1) 
“L” Input voltage RESET 


“L” Input voltage Xin 











lon(sum)| “H” sum output current POo~P07, P4o~P4g 








lon(sum)| “H” sum output current P1o~P17, P29~P27 





lot(sum) | “L’ sum output current POo~P07, P4p~P43 








lou(sum) | “L” sum output current P19p~P17, P29~P27 
“L” peak output current POo~P07, Pip~P17, 
oL(peak) P29>~P27, P4p~P43 


a 
' “L” average output current POg~P07, P19~P17z, 

P29~P27, P4o~ P43 (Note 4) 
“H” peak output current POg~P07, P1o~P17, 
oH(peak) P29~P27, P4o~P4, 
, “H” average output current POg~PQ7, P19~P17, 
OH(avg) P29~P27, P4g>~P43 (Note 4) 


ficntr) | Timer input frequency CNTRo (P32), CNTR; (P33) (Note 2) 
Serial I/O clock input frequency CLK (P1,) (Note 2) 
Clock oscillating frequency (Note 2) 






































Note 1 : It is except to use P59 as Xoin 
2: Oscillation frequency is at 50% duty cycle 
3 : When used in the low-speed mode, the clock oscillating frequency for clock function should be 
f(Xein) <f(Xin) /3 . 
4 : The average output current low (avg) and lo. (avg) are the average value during a 100ms 
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“H” output voltage POp~P07, Plp~P17, Vec=5V, lon==—5mA 


Un ae Ree ae 
P2y~P27, Pao~ Pag [LVoc=3V, lox=—1. 5mA 2 fF 
“L” output voltage POp~P07, P19~P17, Voc=5V, lo. =10mA 
Vow P29~P27, P4o>~P4z Voc=3V, lo. =3mA ¥ 
0. 









































































































































































































Vr+—Vy— | Hysteresis POQg~P07, P39~P3 
ee Voec=5V 
V++—Vy— | Hysteresis RESET = = ed ecea 
| Vec=3V 
V+4+—Vr— | Hysteresis P16/CLK use as CLK input 
V,=0V, 
I “L” input current PQg~ P07, Plp~P17, P389~P3o, ; not use pull-up transistor 
o P4y~P43, P5p~P53 Vi=0V, Voc=5V : , a 
m 
use pull-up transistor Voc=3V | 0. 08 { 70. 18 | —0. 35 
Voc=5V —5 
lie “L” input current P38. V,=0V igs an + UA 
es | Voo=3V iiaes— 4 —3 
V\=0V, not use as analog input) Voo=5V “h =—5 rm 
not use pull-up transistor = a8 _ —_ is 
lie “L” input current P29~P27 Le sae cA CCE ME Ib 3 
V,;=0V, not use as analog input} Voc™=5V =e07 20), Os b3b 15:0 
m 
use pull-up transistor V —0. 18 
“L” input current RESET, X | virov 
it ecg ats (Xin 1S at stop mode) 
“H” input current PQo~P07, Plo~Pt17, P389~P3o, | VeVeo 5 
Nhe LA 
P4g~ P43, P5g~P53 Bus use pull-up transistor 3 
5 
Nhe “H” input current P33 Vi=Voc + =) LA 
es eet 
Vi=Vec, not use as analog input, | Vec=5V 5 
lie “H” input current P29>~P27 oe on = 5 +] LA 
not use pull-up transistor Voc==3V Hae ‘0 3 
“H” input current RESET, X eee Neca a { 2 A 
Be oe { Min Is at stop mode) | Voo=3V me | Be a 
At normal operation, Voc=5V cms 7 
A-D conversion is not executed a | 
a Voc=3V 1 . 8 3. 6 
XIN 4MHz 
< eet mA 
At normal operation, Voc=5V 4 8 
A-D conversion is executed fF a | 
Xin=4MHz Voo=3V 2 4 
At low-speed mode, 
. Voc=5V 30 80 
las Supply current Xcout IS low-power mode, = 
A-D conversion ts not executed! _ 
, Voc=3V 15 
Xin=0Hz, Xcin=32kHz, Tag=25 C 
At wait mode, Vec=5V ] 2 
= mA 
Xin=4MHz Voec=3V 0.5 1 
At wait mode, Xin=OHz, Xcin=32kHz, | Veo==5V 3 oa 
Q, aah es 
X Is low-power mode, Ta=25C | Voc=3V | 2 8 
COUT p a cc Py 
_ Stop all oscillation 1 1 
Voc™=5V 0 
Vram RAM retention voltage Stop all oscillation 
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A-D CONVERTER CHARACTERISTICS (Vcc=2.7~5.5V, Vss=AVss=0V, Ta=—20~85°C, f(Xiy)=4MHz, unless otherwise noted) 


Symbol Parameter Test Conditions 
| = __| Resolution 


+0.9 | LSB | 
Zero transition error tse 


B 
B 
B 
B 
Q 





Limits 
Ty 


7 
O11; SI | & |G] Bh 









NO 


+ 
o 


Voc™=Vrer=9: 12V, lor(sum) =OMA 





\ 


‘ge Voc™=Vrer=). 12V 
Vest Full-scale transition error 
Voc=Vrer=3.- 072V 


Conversion time 
Reference input voltage 0. 5Vcc 


Rg 
7) 


0 


VREF 


Ladder resistance value 


V 
oF Voc=Vrer=3: 072V, lou(sum)=OmA 
Via 


LS 

LS 

LS 

LS 
ws | 


Analog input voltage 
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DESCRIPTION 

The M37470E4-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
32-pin shrink plastic molded DIP. The features of this chip 
are similar to those of the M37470M4-XXXSP except that 
this chip has a 8192 bytes PROM built-in. This single-chip 
microcomputer is useful for home electrical appliances and 
consumer appliance controllers. 

In addition to its simple instruction sets, the PROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. Since general purpose PROM 
writers can be used for the built-in PROM, this chip is suit- 
able for small quantity production runs. 

The differences between the M37470E4-XXXSP and the 
M37470E8-XXXSP are noted below. The following explana- 
tions apply to the M37470E4-XXXSP. 

Specification variations for other chips are noted accor- 


dingly. 
M37470E4-XXXSP 8192 bytes 192 bytes 


M37470E8-XXXSP 16384 bytes 384 bytes 









FEATURES 
@ Number of basic instructions Sates fo sale SS :(6 56 (Siw) Br Gs. vo! wewsce:leualle “el bnos@ wie) weleyai'e 69 
@ Memory size PROM rr 8192 bytes (M37470E4) 
16384 bytes (M37470E8) 
RAM sscriareqiniites 192 bytes (M37470E4) 


384 bytes (M37470E8) 
® Instruction execution time 
revnees 1s (minimum instructions at 4MHz frequency) 


r Single power supply ee rr err 2.7~5.5V 
@ Power dissipation 

normal operation mode (at 4MHz frequency) 17.5mW 
@ Subroutine nesting -°:-:::---:-: 96 levels max. (M37470E4) 
e Interrupt se nainanaauid oe w-clebibhwe Baus yeh awl eens Ley 12 types, 10 vectors 
@ 8-bit timer Comme emer eer reer eee eee eee Hee meee Here Oar eEereesreesesereseen 4 
@ Serial 1/O Sis 'S Riga. eure wo: OSes 8 OW Sie, a6 Ye oi 6b owls! ibaa fe ca-ale 8s ello lo binte aie 8-bitX 1 
@ Programmable I/O ports (Ports PO, P1, P2, P4)---°---: 22 
eS Input port (Port P3) Msi edhe eer oe a nae a Sa OW Ley Oe gale Wee abe os 4 
@ A-D Converters sccccct terete ete tence es 8-bit, 4-channel 
@® PROM (equivalent to the M5L27256) 

program voltage Lg eR chs Whee eae wisleabins wee REDE TAR yaw Row eee 12.5V 
APPLICATION 


Office automation equipment, VCR, Tuner, Audio-visual 
equipment 


PIN CONFIGURATION (TOP VIEW) 


P17/Srpy/Ato + [1] +> P07/D7 
P16/CLK/Ag <> +> P0,/De 
P15/Sour/Ag + +> P0;/Ds 

P14/Sin/Az <> +> P0,/D,4 
P135/T;/Ag <> + P0;/Ds 
P12/To/As ++ [6 | + P0./Do 
+> PO,/D; 
+* P0o/Do 

P2./IN3/A3 ++ [9] 

P2./IN2/Ao «+ [io] 

P2,/1N,/Ay +> + P35/CNTR,/Vpp 

P2o/INo/Ap «> +~ P3./CNTRo/CE 

Vaer/CE > — P3,/INT{/Ay2 
19} + P3o/INTo/Ay1 
+ RESET 


+ P4o/Ay3 


dSXXxX-8350ZrZEW 
dSXXX-ra0ZvVZEW 


Outline 32P4B 
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HigarSLN 


g9 


M37470E4-XXXSP BLOCK DIAGRAM 


Cte Ts 


Note 1 


Clock Clock 
input output Reset input 
Xin Xout RESET Voc Vss 








Clock generating 
circuit 


Data bus 










I 


RAM Program Program PROM 
counter counter 8192 


PCy (8) PC, (8) 













el. eae 
T register (8 


imer 1 i TT 
Instruction decoder 


Control signal 







8-bit 


arithmetic Recunulator Processor Index Index Stack 
and status bl oe pe 
logical A(8) ae 







Timer 3(8) J 
ake 
7 (ot 
Timer 4(8) PWM control 





CNTR, 


i 


P4 (2) 
a UL 
asp i es DAW - +B ; dbdabbde - O05 
YS ee —— Vaer 
1/O port P4 Input portP3 Reference 1/0 port P2 a port P1 a eas port PO 


voltage input 


- 16384 bytes for M37470E8-XXXSP 
2: 


384 bytes for M37470E8-XXXSP 


ea 
| Serial 1/0(8) | 1/O 
sal [es PIG). = | Pots) 
DSO OOS 27) 


7 


dSXXX-SINOLPLEW' dSXXX-PINOZPLEW 3° NOISUSA WOUd 


dSXXX"8aS0ZVZEW 
dSXXX"vaoZvZewW 


SHYALNMUWODOUDIW IHSISNSLIW 
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FUNCTIONS OF M37470E4-XXXSP, M37470E8-XXXSP 


Instruction execution time 1s (minimum instructions, at 4MHz frequency) 

Clock frequency A4AMHz (max.) 
PROM 

Memory size 















8192 bytes (Note 1) 

M37470E4-XXXSP 
RAM 192 bytes 
16384 bytes (Note 1) 


384 bytes 
8-bitX 2 
. 


96 levels (max ) | 
Subroutine nesting 


Interrupt 














M37470E8-XXXSP 


RAM 
1/0 

1/0 
I/ 





Input/Output port 




















M37470E4-XXXSP 
M37470E8-XXXSP 









192 levels (max ) 


Five external interrupts, six internal interrupts, one software interrupt 


Built-in with internal feedback resistor (ceramic or quartz crystal oscillator) 
Supply voltage 27~5 5V 


Power dissipation 17 5mW (at f(Xiy)=4MHz) 











Clock generating circuit 




























Input/Output Input/Output voltage 5V 

Output current —5~10mA (ports PO, P1, P2, P4 CMOS tri-state output) 
Operating temperature range —20~85°C 
Device structure CMOS Silicon gate 


Note 1 : The PROM programming voltage ts 12. 5V (equivalent to the M5L27256). 
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PIN DESCRIPTION 


Single-chip 


RESET = RESET input 
| EPROM —_| RESET input 


Supply voltage 


Single- chip 
/EPROM 


Clock input 


Clock output 


Output 
a il —_ 


_ = 


Single-chip 


Input 


Single-chip 1/O port P2 /O 





| EPROM —_| Address input Ag~Ag3 Input 


P39~ P33 Single-chip Input port P3 


pry Address input Aj, Ai2 


Select mode 
Vpp input 
P45, P4, Single-chip 1/O port P4 


Input 





VrRer Single-chip Reference voltage Input 
input 
[eno [seeaimaie | tt 


Functions 


Power supply inputs 2 7~5.5V to Vcc and OV to Vss 


To reset, keep this input terminal low for more than 24s (min) under normal Vcc 
conditions. 


Connect to Vss 


Connect a ceramic or a quartz crystal oscillator between Xij and Xouyr for clock 
oscillation If an external clock input is used, connect the clock input to the Xjy pin 
and open the Xour pin Feedback resistor is connected between the Xin and Xourt 
pins 


Port PO ts an 8-bit I/O port The output structure is CMOS output When this port is 
selected for input, pull-up transistor can be connected in units of 1-bit and a key on 
wake up function ts provided 
Port PO works as an 8-bit data bus (Dg~ D7) 
Port P1 Is an 8-bit 1/O port The output structure is CMOS output When this port is 
selected for input, pull-up transistor can be connected In units of 4-bit P15, P13 are 
in common with timer output pins To, T; P14, P15, P16, P17 are in common with serial 
I/O pins Sin, Sout, CLK, Sarpy, respectively The output structure of Soyr and Coay 
can be changed to N-channel open drain output 

P1,~P1,7 works as the 7-bit address input (Ay~Ajo) P19 must be opened. 


Port P2 is an 4-bit !/O port. The output structure is CMOS output When this port ts | 
selected for input, pull-up transistor can be connected in units of 4-bit This port is 
in common with analog input pins INo~INs3. 

Port P2 works as the lower 4-bit address input (Ap~As3) 


Port P3 is an 4-bit input port P39, P3; are in common with external interrupt input 
pins INTo, INT, and P32, P33 are in common with timer input pins CNTRo, CNTR, 


P39, P3, works as the 2-bit address input (Aj1, A12) 

P32 works as OE input Connect to P33 to Vpp when programming or verifing 

Port P4 ts an 2-bit I/O port The output structure is CMOS output When this port ts 
selected for input, pull-up transistor can be connected in units of 2-bit 


Port P4 works as the higher 2-bit address input (Aj3, A14) 


This ts the reference voltage input pin for the A-D converter 


Vrer works as CE input 
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EPROM MODE 

The M37470E4-XXXSP, M37470E8-XXXSP_ feature an 
EPROM mode in addition to its normal modes. When the 
RESET signal level is low (“L”), the chip automatically en- 
ters the EPROM mode. Table 1 list the correspondence 
between pins and Figure 1 gives the pin connection in the 
EPROM mode. When in the EPROM mode, ports PO, P1,~ 
P17, P2, P3, P4, Vrer are used for the PROM (equivalent to 
the M5L27256). When in this mode, the built-in PROM can 
be written to or read from using these pins in the same way 
as with the M5L27256. The oscillator should be connected 
to the Xiy and Xoyz pins, or external clock should be con- 
nected to the Xjy pin. 


Ato P17/Srpy > 
P1¢/CLK + 
P15/Sour 


A7 P14/Sin 
Ag P1./T, + [5] 


ae P1./Ty + 6 | 


P22/IN2 ++ [10 
P2,/IN, + [1 
CAo)—— P2o/INo + 2 
Co Vrer 


Xin > 


dSXXX-84S0ZPLEW 
dSXXX-pa0ZPZEW 


Table 1. 






eee 
| nea 
Se 


Data I/O Port PO Do~ D7 
va Ge 


Pin function in EPROM mode 





| M37470E4-XXXSP, M37470E8-XXXSP M5L27256 


ss 
Ports ee 7, P29~P2s3 
P39, P31, P4o, P44 





Address input Ao~Ai4 








+ P3,/CNTR;—CVer) 
+ P3,/CNTRo—COE) 
+ P3,/INT; ——CAi2) 
+ P3o/INTo 


Cc) : Same functions as M5L27256 


Fig.1 Pin connection in EPROM mode 








ae aR 
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PROM READING AND WRITING 

Reading _ 

To read the PROM, set the CE and OE pins to a “L” level. 
Input the address of the data (Ag~Aj,,4) to be read and the 
data will be output to the I/O pins Dy ~ Dy. The data 1/O 
pins will be floating when either the CE or OE pin is in the 
“H” state. 


Writing _ 

To write to the PROM, set the OE pin to a “H” level. The 
CPU will enter the program mode when Vpp is applied to 
the Vpp pin. The address to be written to is selected with 
pins Ag~Ax,4, and the data to be written is input to pins Do 
~Dy7. Set the CE pin to a “L” level to begin writing. 


Notes on Writing 

@ M37470E4-XXXSP 
When using a PROM writer, the address range should be 
between 6000, and 7FFFig. Read/write operations on 
addresses 0000;, to S5FFFi, cannot be performed cor- 
rectly. 

@ M37470E8-XXXSP 
When using a PROM writer, the address range should be 
between 4000,;, and 7FFFy.. When data is written be- 
tween addresses 0000;, and /FFFy., fill addresses 
0000,, to 3FFFi,¢ with FF4.. 


Table 2. I/O signal in each mode 


te 


NOTES ON HANDLING 

(1) Since a high voltage (12.5V) is used to write data, care 
should be taken when turning on the PROM writer's 
power. 

(2) For the programmable microcomputer (shipped in 
blank or OTP type) , Mitsubishi does not perform 
PROM write test and screening in the assembly pro- 
cess and following processes. To improve reliability af- 
ter write, performing write and test according to the 
flow below before use is recommended. 


Writing with PROM writer 


Screening (Note)(Leave at 150°C for 40 hours) 


Verify test with PROM writer 


Note : Since the screening temperature is higher than 
storage temperature, never expose to 150°C ex- 
ceeding 100 hours. 


Data 1/O 
Voc (17) 


Output disable Vit Vin 
Vit 





Program disable Vin 


Note 1 : Vy, and Vj, indicate a “L” and “H” input voltage, respectively 


Floating 


Output 
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ABSOLUTE MAXIMUM RATINGS 


Supply voltage —0.3~7 





lv Input voltage Xin —0.3~Voec+0. 3 


V 
Ma With respect to V 
Input voltage POo~P07, P1g~P17, P2o~P23, ai —0.3~Voeco+0. 3 
V; hans Output transistors are 
P39~P33, P4p, P41, Vrer, RESET (Note 1) 
Vo 


S at “OFF” state 
Output voltage PO9~P07, Plop~P17, P29~P2s, —~0.3~Vee+0. 3 
P4o, P41, Xout ; gael 
Pg Power dissipation Ta = 2 1000 


Topr Operating temperature —20~85 
Tstg Storage temperature —40~-150 


Vv 











Note 1 © In EPROM programming mode, P33 Is 13V 


RECOMMENDED OPERATING CONDITIONS 


(Voc™=2. 7~5. 5V, Vgg=0V, Ta=—20~85 unless otherwise noted) 








Parameter 











Supply voltage 


Supply voltage 


lage fe V 

“H" Input voltage POo~ P07, P1 o~ P17, P39~P33, 
Vv 
Vv 





< 
Q 
1?) 


“L” Input voltage POg~P07, P1p~P17, P39~P33 FO | 


Vit “L” Input voltage P29>~P23, P4g, P4, 
Vit “L” Input voltage RESET 


Vic “L” Input voltage Xin 
lou (sum)| “H” sum output current POg~P07, P49, P4; 






“H” Input voltage P29~P2s, P4o, P4y —— 


O;O;O 
tile bee bee 
Wi<i<i< 
0 10 10 
0 10 10 








lor(sum) “H” sum output current P19~P17, P2o~P23 


loucsum) | “L” sum output current POg~P07, P49, P4; 
“L” sum output current Pig~P17, P29~P23 
| “L” peak output current POg~P07, P1p~P1z, 














| 
w 
5 


> 







lou(peak) P2o~P25, P4y, P4y 

ae average output current PQo~P07, Plio~P17, 

P29~P 29, P4o, P4; 
“H” peak output current PQ o~P07, P1o~P17, 

P29~P25, P4o, P4y 

“H” average output current POQo~P07, Plo~P17, 

| P29~P23, P4o, P4, (Note 2) 
Timer input frequency CNTRo (P32), CNTR; (P33) (Note 1) 

Serial 1/O clock input frequency CLK ( Pt.) (Note 1) 


(Note1)| | 


ro) 
> > >| > 













3 
> 


lot(avg) 





(Note 2) 






3 
> 


lou(peak) 








lon(avg) 












| 
3 
> 


f(cnTR) ' 






f(cLk) 
(Xin) 


Note 1 : Oscillation frequency is at 50% duty cycle. 





Clock oscillating frequency 


2 : The average output current lon(avg) and lo.(avg) are the average value during a 100ms 
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ELECTRICAL CHARACTERISTICS (Vcc=2.7~5.5V, Vss=0V, Ta=—20~85, unless otherwise noted) 


Voc=3V, loL=3mA 
Voc=5V 
Vec=3V 
Voc™=5V 


use as CLK input 





Vi=0Vv, 

not use pull-up transistor 
Vi=0V, 

use pull-up transistor 


3 
> 


“L” input current P33 





V,;=0V, not use as analog input, 


| 
Ww 


A : 
oi 

z < 

> > 


not use pull-up transistor 
“L” input current P29>~P23 


jo) 


V|=0V, not use as analog input, 
use pull-up transistor 
V;=0V 
(Xin Is at stop mode) 
Vi=Vec, 


not use pull-up transistor 


| 


“L” input current RESET, Xin 


i= 
> 


“H” input current PO o~P0,, P19~P1 ra P39~P3o, Po, P4, 


| 
2 
lL) | bw 
wloa}owla 
3 
> 


Gs 
> 


“H” input current P33 


Vi=Vcc, not use as analog input, 
“H” input current P29~P23 

not use pull-up transistor 
Vi=Vee, 


(Xin 1S at stop mode) 





“H” input current RESET, Xin 


{ltt 
x | & 
> > 


is 
> 


At normal operation, 

A-D conversion is not executed 
Xin=4MHz 

At normal operation, 


3 
> 


A-D conversion is executed 
Xin=4MHz 

At wait mode, 

Xin=4MHz 

Stop all oscillation 
Vec=5V 

Stop all oscillation 


Supply current 


— | W 
—| BD coi;on 

OO 

—_—, . 
O;mAyAl hme; > On Irn 


Test Conditions 





Conversion time 


Reference input voltage 
Ladder resistance value 
Vie Analog input voltage 
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DESCRIPTION 

The M37471E4-XXXSP/FP is a single-chip microcomputer 
designed with CMOS silicon gate technology. It is housed 
in a 42-pin shrink plastic molded DIP or a 56-pin plastic 
molded QFP. The features of this chip are similar to those 
of the M37471M4-XXXSP/FP except that this chip has a 
8192 bytes PROM built-in. This single-chip microcomputer 
is useful for home electrical appliances and consumer ap- 
pliance controllers. 

In addition to its simple instruction sets, the PROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming., Since general purpose PROM 
writers can be used for the built-in PROM, this chip is suit- 
able for small quantity production runs. 

The differences between the M37471E4-XXXSP/FP and the 
M37471E8-XXXSP/FP are noted below. The M37471E8SS 
are the window type. The following explanations apply to 
the M37471E4-XXXSP/FP. 

Specification variations for other chips are noted accor- 
dingly. 
M37471E4-XXXSP/FP 
M37471E8-XXXSP/FP 
M37471E8SS 


The differences between the M37471E4-XXXSP and the 
M37471E4-XXXFP are the package outline and the power 
dissipation ability (absolute maximum ratings). 







192 bytes 






ROM size 
8192 bytes 





















16384 bytes 384 bytes 





FEATURES 
r ) Number of basic instructions Save lhse-@icese:e 0; o:e tel aieleie te 06 tel eie: 8:6 ibe, SL ece'e 6 ease 69 
@ Memory size PROM °-:-:--:+:::- 8192 bytes (M37471E4) 
16384 bytes (M37471E8) 
RAM-irrrseeeeereeeees 192 bytes (M37471E4) 
384 bytes (M37471E8) 


@ Instruction execution time 
reeeees 1s (minimum instructions at 4MHz frequency) 


@ Single power SUPPly “sere terete 2.7~5.5V 
® Power dissipation 

normal operation mode (at 4MHz frequency) 17.5mW 
@ Subroutine nesting --::::::-:* 96 levels max. (M37471E4) 
@ Interrupt UNE SUMAN Weben SRR ee A eeoa etek eS tERd 12 types, 10 vectors 
@$ 8-bit timer COCO meee H dD eer ere ee eH eer ee Hered sed ereereerseceresssesreeseoes 4 
@ Serial 1/O See ee er er a 8-bitX 1 
@ Programmable I/O ports (Ports PO, P1, P2, P4)---:--- 28 
@ Input ports (Port P3, P5) Ais oh CUNT NRA Owe Gente Cetdede oaseeeeh es 8 
@ A-D converter: crete eee e teen eee eee es 8-bit, 8-channel 
@ Two clock generator circuits 

(One is for main clock, the other is for clock function) 
@ PROM (equivalent to the M5L27256) 

program voltage iid Mineaiy Dba eninirs aeece nee ee aes eres ae hee es 12.5V 
APPLICATION 


Office automation equipment, VCR, Tuner, Audio-visual 
equipment 





PIN CONFIGURATION (TOP VIEW) 


P17/Srpy/Aio 
P1¢/CLK/Ag +> 
P15/Sour/As + 4] 

P14/Siy/Az 
P13/T1/Ag + [6] 
P1>/To/As 

P1,/A, [8] 


P2,/IN7 +> [10| 
P2./INg > LU 
P2./INs + 
P2,/IN4 
P23/IN3/A3 
P2>/IN2/Ao + 
P2,/IN,/A, + [16] 
P2o/INo/Ao +> 
Vaer/CE — [18] 


SSPALZVZEW 


dSXXX-8ALZVLEW 
dSXXX-vALZVZEW 


+ P5. 

+> P0,/D, 

+> P0,/Ds 

+> P0./Ds 

+> P0Q,/D, 

+> P03/D3 

+> P0./D2 

++ PO,/D, 

+> P0o/Do 

+> P4, 

+ P4, 

+> P4s/Ar4 

+> P4o/Ai3 

— P33/CNTR1/Vpp 
+ P3)/CNTRo/OE 
+ P3,/INT,/A42 
— P30/INTo/Ay4 
+ RESET 

+> PS1/Xcout 

*— PSo/Xcin 


Voc 


Outline 42P4B (OTP) 
42S1B (Window) 


NC 


xg 
~NS 
5x 
o -! 
nO 
Ns 
om Oo 
ba id 
oO ow 


P14/Siy/A7 > 


é 


P2,/INg + [8] 
P2./INs +* L9 


P23/IN3/Ag <> 
P2./INo/Ap + 
P2,/IN,/A, 
P2o/INo/Ag + [4 

Vrer/CE =? 15| 


daxxx-84 LZvZeEWw 


P50/Xcin — 
P5;4/Xcourt + 


Outline 56P6N 


— ¢ MITSUBISHI 
ELECTRIC 


— P3,/INT1/Ayo 
— P3o/INTo/Ai4 


NC : No connection 





oy 


€L—v 


M37471E4-XXXSP BLOCK DIAGRAM 





Clock Clock 
“ input output Reset input 
Xin Xour RESET Voc Vss 












Xcin Xcout 









Hehe 
register (8 
Instruction decoder 


Control signal 


eee 
== aa a 


Program Program 
counter counter 
PCy, (8) PC, (8) 


RAM 
192 

















8-bit 
arithmetic 
and 
logical 
unit 














L : EAE) — - ——BIBIEHO) Mudadns - 
See” 
Input port P5 I/O port P4 Input port P3 P3 Rae oe "WO portP2 port P2 VO pot Pt port P1 ae or ee port PO 


voltage input 
Note 1 : 16384 bytes for M37471E8-XXXSP, M37471E8SS 


2 : 384 bytes for M37471E8-XXXSP, M37471E8SS 





Byte 

counter (4 
|A-D converter | D converter 
| Serial 1/0 (8) | 1/O 
Xcout CNTR, INT, 
Xcin INTo 
pale ang Re Fry EET a Oe 
G2) liga a VOIIOOH OOSSIOGNS MNT 7 







dd/dSXXX-SINTZPLEW'di/dSXXX-VINNIZPLEW 3° NOISHUSA WOUd 


SSSATLVLEW dji/dSXXX-SAIZVLEW 


di/dSXXX-vatZvyZein 


SYHYSALNdUWODJOXDIN IHSIGNSLINW 


bL—v 


DHL 13 ~~ 
IHSISNS.LIAN 


| M37471E4-XXXFP BLOCK DIAGRAM 



























































Clock Clock 
input output Reset input 
Xin:  Xour RESET Voc Vss AVss 7 - 
FG - 8 - ——8- 89 
ircu Data bus 
Xcin Xcour 
| N nstruc a 
RAM Program } Program Timer 1 (8) register 
counter counter on 2B! 
192 nstruction 
| ae PC.y(8) | _PC.(8) | 
Control signal 
8-bit Processor Index Index Stack i ' 
cai status register register pointer we 
| sogicat register x(8) Y(8) $(8) aa i) 
| J 
counter(4 | 
| 
+ S$ 1/0(8) 
Xcout CNTR, 
Xcin 
y . | 
P5(4) P4(4) P2(8) P1(8) PO(8) _ 
ry ail pal 
) 
I i 
L_ __dabdodg— - —dodndodg—- —ererando—t5-- —-AdSabdrdndada— -—abahes’aolo— - —@araaarandoaa—-— 
REF rt fe) 
Input port PS 1/O port P4 Input port P3 Rutarance 1/O port P2 I/O po p 


voltage input 


Note 1 : 16384 bytes for M37471E8-XXXFP 
2 : 384 bytes for M37471E8-XXXFP 


dij/dSXXX-SWIZPLEW'da/dSXXX-PINTZPZEW $9 NOISUSA WO'd 


SSSATZLVLEW da/dSXXX-83 TZVZelN 


dij/dSXXX-vatZvZelN 


SHYALNMUWODOUDIW IHSISNSLIN 
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FUNCTIONS OF M37471E4-XXXSP/FP, M37471E8-XXXSP/FP, M37471E8SS 


Parameter Functions 
Number of basic instructions 69 


Instruction execution time 1s (minimum instructions, at 4MHz frequency) 
Clock frequency 4MHz (main clock input), 32kHz (for clock function). 
8192 bytes (Note 1) 






















M37471E4-XXXSP/FP 


+ 


192 bytes 


M37471E8-XXXSP/FP 16384 bytes (Note 1) 








Memory size 


PO, P1, P2 8-bitX3 , 
ubroutine nesting 


M37471E8-XXXSP/FP, M37471E8SS 192 levels (max ) 
Interrupt Five external interrupts, six internal interrupts, one software interrupt 


. Two built-in circuits with internal feedback resistor (ceramic or quartz 
Clock generating circuit ; 
crystal oscillator) 


06m (at Xen) =92KH2 


characteristics Output current —5~10mA (ports PO, P1, P2, P4 CMOS tri-state output) 


Operating temperature range —20~85°C 


M37471E4-XXXSP 
M37471E8-XXXSP 


Package M37471E4-XXXFP 


M37471E8-XXXFP . 


M37471E8SS 42-pin shrink ceramic DIP 


Note 1 : The PROM programming voltage ts 12.5V (equivalent to the M5L27256) 















Power dissipation 
















42-pin shrink plastic molded DIP 





56-pin plastic molded QFP 
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PIN DESCRIPTION 










Input/ 
Output 





Functions 


Power supply inputs 2 7~5 5V to Vcc and OV to Vss 




































Vec, Single-chip Supply voltage 

Vss /EPROM 

AVss Single-chip Analog power supply Ground level input pin for A-D converter Same voltage as Vss 1s applied This pin ts 
/EPROM for 56-pin model only 

RESET Single-chip RESET input — To reset, keep this input terminal low for more than 2us (min) under normal Voc 


conditions 













RESET input Connect to Vss 


Clock input Input Connect a ceramic or a quartz crystal oscillator between Xjy and Xour for clock 
oscillation If an external clock input 1s used, connect the clock input to the Xj, pin 


j and open the Xou; pin Feedback resistor is connected between the Xij and Xourt 
pins 


Single-chip 
/EPROM 


Clock output Output 


















Single-chip 1/O port PO 1/0 Port PO is an 8-bit I/O port The output structure is CMOS output When this port is 
selected for input, pull-up transistor can be connected In units of 1-bit and a key on 
wake up function is provided 
Data input/output Do~ D7 1/0 Port PO works as an 8-bit data bus (Dg~D7) 
Single-chip 1/O port P1 1/0 Port P1 1s an 8-bit I/O port The output structure is CMOS output When this port is 


selected for input, pull-up transistor can be connected in units of 4-bit P12, P13 are 
in common with timer output pins To, T; P14, P15, P16, P17 are in common with serial 
I/O pins Sw, Sout, CLK, Sarpy, respectively The output structure of Sour and Srpy 
can be changed to N-channel open drain output 





Address input Ag~Ajo P1,~P17 works as the 7-bit address input (Az~Ajo) P1p must be opened 


Single-chip 1/0 port P2 





Port P2 is an 8-bit I/O port The output structure is CMOS output When this port is 
selected for input, pull-up transistor can be connected in units of 4-bit This port ts 
In common with analog input pins INo~INz. 


Address input Ap~Ag3 





P29~P23 works as the lower 4-bit address input (Ap~A3) 
P2,~P27 must be opened. 











Port P3 is an 4-bit input port P39, P3; are in common with external interrupt input 
pins INTo, INT, and P32, P33 are in common with timer input pins CNTR», CNTR, 


—;——— 






P39~ P33 Single-chip Input port P3 














Address input Ay1, Aj2 
Select mode 
Vpp input 


P39, P3, works as the 2-bit address input (A114, A12) 
P32 works as OE input Connect to P33 to Vpp when programming or verifing 






















Port P4 is an 4-bit i/O port The output structure is CMOS output When this port is 
selected for input, pull-up transistor can be connected in units of 4-bit 





Single-chip 1/O port P4 










Address input Aj3, A14 P49, P4, works as the higher 2-bit address input (A13, A14) 
P45, P4g must be opened 





Single-chip Input port P5 Input Port P5 is an 4-bit input port and pull-up transistor can be connected in units of 4- 
bit P59, P5; are in common with input/output pins of clock for clock function Xcin, 
Xcout. When P5o, P5; are used as Xow, Xcout, connect a ceramic or a quartz crystal 
oscillator between Xcoin and Xcour If an external clock input 1s used, connect the | 
clock input to the Xcjy pin and open the Xcour pin Feedback resistor is connected 


between Xcin and Xcour pins 


Open 


Single-chip Reference voltage input This is the reference voltage input pin for the A-D converter 


input 


Select mode | input Vaer works as CE input 


Vrer 
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EPROM MODE 

The M37471E4-XXXSP/FP, M37471E8-XXXSP/FP, M37471E8SS 
feature an EPROM mode in addition to its normal modes. 
When the RESET signal level is low (“L”), the chip auto- 
matically enters the EPROM mode. Table 1 list the corres- 
pondence between pins and Figure 1, 2 gives the pin con- 
nection in the EPROM mode. When in the EPROM mode, 
ports PO, P1,;~ P17, P29 ~ P23, P38, P49, P41, Vrer are used 
for the PROM (equivalent to the M5L27256). When in this 
mode, the built-in PROM can be written to or read from us- 
ing these pins in the same way as with the M5L27256. The 
oscillator should be connected to the Xin and Xoyr pins, or 
external clock should be connected to the Xj, pin. 





P17/Srpy ** 
P1g/CLK + 
P1s/Sour + 
P14/Sin > 
P13/T, > 
P12/To +> 
Pi 
Pig 

P2,/IN7 + 

P2¢/INg 

P25/INs +> 

P2,/IN4 +> 

(As )—— P2,/IN3 ++ 
P2./IN> +> 
P2,/IN; +> 
P2,/INo +> 
(CE) Vrer 
O——— Xin > 
CSS Kour 


(Wss)——— Vs 


SS8SlLZPLEW 
dSXXX-84lLZyZENn 





Table 1. Pin 


= 





Address input 


Data I/O 
CE 





function in EPROM mode 


M37471E4-XXXSP/FP, 
M37471E8-XXXSP/FP, 
M37471E8SS 


M5L27256 


Ports P1,~P1 7) P29~P23 
P35, P31, P49, P4, 








OE 


dSXXX-vAalLLyLZEW 





Port PO 









P32 





+ P3,/CNTR,; — 
+ P3,/CNTRo —COE 


+ P3,/INT, 


+ P3o/INTo ——Cit) 


+ RESE 


T Vss 


+> P5;/Xcourt 


Cc) : Same functions as M5L27256 


Fig.1 Pin connection in EPROM mode (42-pin model) 








ae SR 
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Gp 
CDs> 
COs> 


P15/Sout/Ag — CAg> 
/Srpy/A1o— CAig> 


EI+> Pt16/CLK/Ag — CaAg> 


[Bil<> Pt, 


CAD — P14/Siy/Az > [2] 
CAs> — P15/T,/Ag + BE! 
CAS> — P19/To/As + [4] 
CAD — P11, /A, > 


CA3> —P23/IN3/A3 aad 


Aro 
Ais 
CAg> —P25/IN2/Ap + +— P33/CNTR1/Vpp— ep 
CAr> —P2,/IN,/Ay + P3,/CNTRo/OE — COED 
A 
AD 


< 
Go 
~] 
& 
zy 
mi 
> 
x 
x< 
x< 
a 
U 


COED —— Vaer/CE +— P39/INT9/A,, —— A 


NC 


P51/Xcout *” 


Vss 


Cc > : Same functions as M5L.27256 





Fig. 2 Pin connection in EPROM mode (56-pin model) 
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PROM READING AND WRITING 

Reading _ 

To read the PROM, set the CE and OE pins to a “L” level. 
Input the address of the data (Ag~A,,4) to be read and the 
data will be output to the |/O pins Dp ~ Dy. The data |/O 
pins will be floating when either the CE or OE pin ts in the 
“H” state. 


Writing 

To write to the PROM, set the OE pin to a “H” level. The 
CPU will enter the program mode when Vpp is applied to 
the Vpp pin. The address to be written to is selected with 
pins Ap~Aj,4, and the data to be written is input to pins Do 
~D,. Set the CE pin to a “L” level to begin writing. 


Notes on Writing 

@ M37471E4-XXXSP/FP 

When using a PROM writer, the address range should be 
between 6000;, and 7FFFi5. Read/write operations on 
addresses 0000,,¢ to SFFF,,. cannot be performed correctly. 
@ M37471E8-XXXSP/FP, M37471E8SS 

When using a PROM writer, the address range should be 
between 4000,, and 7FFF,. When data is written between 
addresses 0000,, and 7FFFi¢, fill addresses 0000,,¢ to 
SFFFi¢ with FF 46. 


Erasing 

Data can only erased on the M37471E8SS ceramic pack- 
age, which includes a window. To erase data on this chip, 
use an ultraviolet light source with a 2537 Angstrom wave 
length. The minimum radiation power necessary for erasing 
is 15W - s/cm?. 


Table 2. I/O signal in each mode 


NOTES ON HANDLING 

(1) Sunlight and fluorescent light contain wave lengths © 
capable of erasing data, For ceramic package types, 
cover the transparent window with a seal (provided) 
when this chip is in use. However, this seal must not 
contact the lead pins. 

(2) Before erasing, the glass should be cleaned and stains 
such as finger prints should be removed thoroughly. If 
these stains are not removed, complete erasure of the 
data could be prevented. 

(3) Since a high voltage (12.5V) is used to write data, care 
should be taken when turning on the PROM writer's 


power. 

(4) For the programmable microcomputer (shipped in 
blank or OTP type) , Mitsubishi does not perform 
PROM write test and screening in the assembly pro- 
cess and following processes. To improve reliability af- 
ter write, performing write and test according to the 
flow below before use is recommended. 





Note : Since the screening temperature is higher than 
storage temperature, never expose to 150°C ex- 
ceeding 100 hours. 


Data I/O 





Mode pe | 


Read-out 








Output disable 


Floating 





Programming 





Input 








Programming verify 





Output 











Program disable 


Note 1: 





Vit and Vi, indicate a “L” and “H” input voltage, respectively 








Floating 
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ABSOLUTE MAXIMUM RATINGS 


V Input voltage Xin —= 0: 3~Voect0. 3 V 


Input voltage POo~P07, P19~P17, P29~P27, With respect to Vss 
—0. 3~Voc+0. 3 
V; P389~P33, P4g~P43, P5g~P5s, Output transistors are (Note 1) 
Vrer, RESET at “OFF” state 











7 Output voltage POg~P07, P1p~P17, P29~P2, 
P49~P43, Xout amas 


| 
Power dissipation Ta = 25C 1000 (Note 2) 


Operating temperature 














Topr 
Tstg 


Note 1 : In EPROM programming mode, P33 1s 13V 
2 : 500mW for QFP type 

















Storage temperature 


RECOMMENDED OPERATING CONDITIONS 


(Voc=2. 7~5. 5V, Vsg=AVss=0V, Ta=—20~85C unless otherwise noted) 


Limits 
Parameter 











Supply voltage 





Supply voltage 





Analog supply voltage 
“H” Input voltage POg~P07, Plip~P17, P39~P33, 
RESET, Xin 








<| < |<< 


QO 
19) 


“L” Input voltage RESET 
“L” Input voltage Xin 
loun(sum)| “H” sum output current POQgo~P07, P49~P43 





lou(sum)| “H” sum output current P19~P17, P29~P27 


“L” sum output current PQo~P07, P4p~P43 
“L” sum output current P19~P17, P29~P2, 


“L” peak output current PQo~P07, P19~Pt1z, 
“L” average output current POg~P07, P19~P17, 
“H” peak output current PQg~P07, P19~P17, 
“H” average output current POg~P07, P1o~P17, 
P29~P27, P4g~P43 (Note 4) 


( 
Timer input frequency CNTRo (P32), CNTR; (P33) — (Note 2) 
( 









































Serial {/O clock input frequency CLK (P1,) Note 2) 


f(Xin) Clock oscillating frequency (Note 2) 


f(Xow) Clock oscillating frequency for clock function (Note 2, 3) 


Note 1 : Itis except to use P59 as Xcin 
2: Oscillation frequency is at 50% duty cycle 
3 : When used tn the low-speed mode, the clock oscillating frequency for clock function should be 
f(Xcin) < f(Xin)/3 
4 : The average output current lon(avg) and lo.avg) are the average value during a 100ms 
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ELECTRICAL CHARACTERISTICS (Vcc=2.7~5.5V, Vss=O0V, Ta=—20~85°C, unless otherwise noted) 


| Von fH output voltage POp~PO07, Plg~P17, P29~P23, P4p~P43 


OH 
“L” output voltage PQg~P07, P1p~P17, P29~P23, P49 ~P 4s 





Hysteresis POQg~P07, P3p~P33 


Hysteresis RESET 


Hysteresis P1¢6/CLK 


Mie 


“L” input current POg~PO7, P1p~P17, P89 ~P32, P49 ~P43, 
P5o~P53 





“L” input current P33 





Test Conditions 


Vec=5V, lon= —5mA 








Voec=3V, lon=—1. 5mA 
Voc=5V, lol-=10mA 
Voec=3V, lop =3mA 


Vec=5V 


Voc= 3V 





Voc™=5V 





Voc=3V 
use as CLK input 


Vi=0V, 

not use pull-up transistor 
Vi=O0V, 

use pull-up transistor 


V\=0V 








ae 


“L” input current P29~P27 








hie 


lw 


NH 


ite 


NH 


Vram 


“L” input current RESET, Xx 


“H” input current POQg~P0O7, P19~P17, P39~P32, P4p~ P43, 
P5o~P53 


“H” input current P33 


V\=0V, not use as analog input, 


not use pull-up transistor 





V\=0V, not use as analog input, 
use pull-up transistor 

V,=0V 

(Xin 18 at stop mode) 

Vi= Veo; 


not use pull-up transistor 


Vi=Vec 


Vi=Vcc, not use as analog input, 


“H” input current P29~P27 
not use pull-up transistor 


“H” input current RESET, Xin 








Supply current 





Vi=Vec, 

(Xin 1s at stop mode) 

At normal operation, 

A-D conversion is not executed 
Xin=4MHz 








Unit 


—| 
< 
xo) 


«fe 


: me 





—) oj/ol|o/9|S\9 
on W 1 O1;/ W/O; W/O1 


3 
> 


| 

w l | 

on wi] on 
zg 
> 


| 
oO 
© 
fo) 











is 
> 


zg 
> 

















At normal operation, 
A-D conversion is not executed 
Xin=4MHz 


At low-speed mode, 





Xcour Is low-power mode, 
A-D conversion ts not executed 
Xin=0Hz, Xcin= 32kHz, Tg=25C 





At wait mode, 
Xin=4MHz 

















- 


x 
> 


tte 
& 
> 




















W 
jo) 


= | w 
ND of} ao 

_ 

oln 

S 

> 


LA 


_ 
Nn 














At wait mode, Xiy=0OHz, 
Xcin=32kHz, Xcout IS 
low-power mode, Ta=25C 











Stop all oscillation 


=) 
nie 
i 
C 
> 


Ww 


12 


gz 
> 














RAM retention voltage 





Stop all oscillation 


9 MITSUBISHI 
‘ELECTRIC 





le 
: e 





NO 
< 





MITSUBISHI MICROCOMPUTERS 


M37471E4-XXXSP/FP 
M37471E8-XXXSP/FP,M37471E8SS 


PROM VERSION of M37471M4-XXXSP/FP,M37471M8-XXXSP/FP 





A-D CONVERTER CHARACTERISTICS (Vcc=2.7~5.5V, Vss=0V, Ta=—20~85°, f(Xin)=4MHz, unless otherwise noted) 


Limits 
Symbol Parameter Test Conditions Unit 
Typ. Max 










ee ne 





B 
B 
B 
B 


N 
OVIN BR LWIM!]O 






LS 


Vner [Reterence inutvotage ——=~S*~=~“~*“*~*~*é‘dCSC“‘(CSNNNWCNWWC#«dé«S&S Veg 
Via [Atalog input votage 


Voc 


Voc™=Vrer=5. 12V 
Vest Full-scale transition error ee 
Voc=Vrer=3: 072V 


5 


Voc=Vrer=). 12V, | =(0mA 
Zero transition error cc” SREF oL(sum) 
Voc™=Vrer=3. 072V, lorisum)=OMA 
Via 


Oo 
RN 
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MELPS 740 CPU CORE BASIC FUNCTIONS 
Each series of the MELPS 740 Family uses the standard 
MELPS 740 instruction set. The functions of the MELPS 740 
CPU core are explained below. The multiply and divide in- 
structions are not available in every microcomputer, and the 
clock control instructions differ in each microcomputer. For 
details, refer to the table of machine instruction or the func- 
tional explanation of each microcomputer. 


CENTRAL PROCESSING UNIT (CPU) INTERNAL 
REGISTERS 

The central processing unit (CPU) has the six registers. 
Accumulator (A) 

The accumulator is an 8-bit register. Data operations such 
as data transfer, etc., are executed mainly through the 
accumulator. 

Index register X (X), Index register Y (Y) 
Both index register X and index register Y are 8-bit regis- 
ters. In the index addressing modes, the value of the 
OPERAND is added to the contents of register X or register 
Y and specifies the real address. 

These index registers also have increment, decrement, 
comparison, and data transfer functions to allow these reg- 
isters to take some of the functions of the accumulator. 
When the T flag in the processor status register is set to 





Fig. 1 MELPS 740 CPU register structure 


“1”, the value contained in index register X becomes the 
address for the second OPERAND. 

Stack pointer (S) 

The stack pointer is an 8-bit register used during sub- 
routine calls and interrupts. The stack is used to store the 
current address data and processor status when branching 
to subroutines or interrupt routines. 

The lower eight bits of the stack address are determined 
by the contents of the stack pointer. The upper eight bits of 
the stack address are determined by the Stack Page 
Selection Bit. If the Stack Page Selection Bit is “0”, then 
the RAM in the zero page is used as the stack area. If the 
Stack Page Selection Bit is “1”, then RAM in page 1 is 
used as the stack area. 

The Stack Page Selection Bit is located in the SFR area in 
the zero page. Note that the initial value of the Stack Page 
Selection Bit varies with each microcomputer type. Also 
some microcomputer types have no Stack Page Selection 
Bit and the upper eight bits of the stack address are fixed. 
The operations of pushing register contents onto the stack 
and popping them from the stack are shown in Fig. 2 
Program counter (PC) 

The program counter is a 16-bit counter consisting of two 
8-bit .registers PC, and PC_. It is used to indicate the 
address of the next instruction to be executed. 


Accumulator 
Index Register X 
Index Register Y 
Stack Pointer 


Program Counter 


Processor Status Register (PS) 


Carry Flag 

Zero Flag 

Interrupt Disable Flag 
Decimal Mode Flag 
Break Flag 

Index X Mode Flag 
Overflow Flag 
Negative Flag 
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On-going Routine 


Interrupt Request 
(Note 1) 


AL 


M PCy) 


(S) + ( 

(S) + (S-1) Store Return Address 
— ( 

(S) + ( 


Execute JSR 


os 
~~ 


on Stack (Note 2) 
M (S) PC, 


M (S) + (PS) Store Contents of 
Processor Status 
(S) — (S-1) Register on Stack 


Interrupt 
Service Routine | Flag “0” to “1” 


Fetch the Jump 
Vector 


Store Return Address (S) + (S-1) 


on Stack (Note 2) 
M (S) — (PC,) 


(S) + (S-1) 


Subroutine 


(S) — (S+1) 


Ny 


Restore Return 
Address 


(S) — (S+1) Restore Contents of 
Processor Status 


(PS) — M(S) Register 


(S) — (S+1) 


| 
| 
| 
| 
| 
| 
| 
| 
: | 
| 
| 
| 
| 
| 
| 
| 
| 
| 


(S) + (S44) 


(PCy) + M (S) 


PC.) —M 
(PC,) (S) Restore Return 


Address 
(S) — (S+1) 


(PCy) + M (S) 


Note 1 : The condition to enable the interrupt — Interrupt enable bit ts “1” 
: Interrupt disable flag ts “O” 
2 : When an interrupt occurs, the address of the next instruction to be executed is stored in 
the stack area When a subroutine is called, the address one before the next instruction 
to be executed Is stored in the stack area 


\ 





Fig. 2 Register push and pop at interrupt generation and subroutine call 


Table 1. Push and pop instructions of accumulator or processor status register 


Push instruction to stack Pop instruction from stack 
Accumulator PHA PLA 
Processor status register PHP PLP 
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Processor status register (PS) 
The processor status register is an 8-bit register consisting 
of flags which indicate the status of the processor after an 
arithmetic operation. Branch operations can be performed 
by testing the Carry (C) flag, Zero (Z) flag, Overflow (V) 
flag, or the Negative (N) flag. In decimal mode, the Z, V, N 
flags are not valid. 
After reset, the Interrupt disable (1) flag is set to “1”, but all 
other flags are undefined. Since the Index X mode (T) and 
Decimal mode (D) flags directly affect arithmetic opera- 
tions, they should be initialized in the beginning of a 
program. 
(1) Carry flag (C) 
The C flag contains a carry or borrow generated by the 
arithmetic logic unit (ALU) immediately after an arith- 
metic operation. It can also be changed by a shift or 
rotate instruction. 
(2) Zero flag (Z) 
The Z flag is set if the result of an immediate arithme- 
tic operation or a data transfer is “O”, and cleared if the 
result is anything other than “OQ”. 
(3) Interrupt disable flag (1) 
The | flag disables all interrupts except for the interrupt 
generated by the BRK instruction. 
Interrupts are disabled when the | flag is “1”. 
When an interrupt occurs, this flag is automatically set 
to “1” to prevent other interrupts from interfering until 
the current interrupt is serviced. 
(4) Decimal mode flag (D) 
The D flag determines whether additions and subtrac- 
tions are executed in binary or decimal. Binary arith- 
metic is executed when this flag is “0”; decimal arith- 
metic 1s executed when it is “1”. Decimal correction is 
automatic in decimal mode. Only the ADC and SBC in- 
structions can be used for decimal arithmetic. 


(5) 


Break flag (B) 

The B flag is used to indicate that the current interrupt 
was generated by the BRK instruction. The BRK flag in 
the processor status register is always “0”. When the 
BRK instruction is used to generate an interrupt, the 
processor status register is pushed onto the stack with 
the break flag set to “1”. The saved processor status is 
the only place where the break flag is ever set. 

Index X mode flag (T) 

When the T flag is “O”, arithmetic operations are per- 
formed between accumulator and memory, e.g. the re- 
sults of an operation between two memory locations is 
stored in the accumulator. When the T flag is “1”, direct 
arithmetic operations and direct data transfers are en- 
abled between memory locations, i.e. between memory 
and memory, memory and I/O, and !/O and I/O. In this 
case, the result of an arithmetic operation performed 
on data in memory location 1 and memory location 2 is 
stored in memory location 1. The address of memory 
location 1 is specified by index register X, and the 
address of memory location 2 is specified by normal 
addressing modes. 

Overflow flag (V) 

The V flag is used during the addition or subtraction of 
one byte of signed data. It is set if the result exceeds 
+127 to —128. When the BIT instruction is executed, 
bit 6 of the memory location operated on by the BIT in- 
struction is stored in the overflow flag. 

Negative flag (N) 

The N flag is set if the result of an arithmetic operation 
or data transfer is negative. When the BIT instruction is 
executed, bit 7 of the memory location operated on by 
the BIT instruction is stored in the negative flag 


Table 2. Set and clear instructions of each bit of processor status register 














Set instruction 








Clear instruction 





C flag Z flag | flag D flag B flag T flag V flag 
SEC = SE| SED aa SET = 
CLC ee CLI CLD ae: CLT CLV 








ae SR 
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ADDRESSING MODE called an OPERAND which affects the addressing. The 
The MELPS 740 Family has 17 addressing modes and a contents of index registers X and Y can also effect the 
powerful memory access capability. addressing. 

When extracting data required for arithmetic and logic op- Although there are many addressing modes, there is always 
erations from memory or when storing the results of such a particular memory location specified. What differs is 
operations in memory, a memory address must be speci- whether the operand, the index register contents, or a com- 
fied. The specification of the memory address is called bination of both. should be used to specify the memory or 
addressing. The MELPS 740 Family instructions can be jump destination. Based on these 3 types of instructions, 
classified as 1-byte, 2-byte, and 3-byte instructions. In the range of variation is increased and operation is en- 
each case, the first byte is known as the OPCODE which hanced by combinations of the bit operation instructions, 
forms the basis of the instruction. A second or third byte is jump instruction, and arithmetic instructions. 


1-byte instruction 2-byte instruction 3-byte instruction Index registers 


Operand I 
aaa Operand II 





Fig. 3 Instruction byte configuration 
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Name : Immediate addressing mode 
Function : The OPERAND follows’ im- 
mediately after the OPCODE. 


Instructions : ADC, AND, CMP, CPX, CPY, Memory 
EOR, LDA, LDX, LDY, ORA, 
SBC 

Example °: Mnemonic Machine code 


ADC +#$A5 691, Adi¢ 





OPCODE (694.) 
OPERAND (A54g) 





A-A+C+ - 


Name : Accumulator addressing mode 

Function =: The operation is performed on 
' the accumulator. 

Instructions : ASL, DEC, INC, LSR, ROL, 





Bit 7 Bit 0 





ROR 
Example  : Mnemonic Machine code 
ROL A 2Aig Carry flag Accumulator 
MITSUBISHI 
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Name 
Function 


Instructions : 


Example 


Name 
Function 


: Mnemonic 


: Zero page addressing mode 
: The operation is performed in 


zero page memory (00;¢ to 
FF 46) 

ADC, AND, ASL, BIT, CMP, 
COM, CPX, CPY, DEC, EOR, 
INC, LDA, LDM, LDX, LDY, 
LSR, ORA, ROL, ROR, RRF, 
SBC, STA, STX, STY, TST 
Machine code 


ADC $02 6516 0216 


- Zero page X addressing mode 
- The operation is performed on 


the zero page memory location 





Memory 


00:6 







Zero page 


Zero page 
specification 





OPCODE (654) 


OPERAND (02,.) 















whose address is specified by ee 
adding the OPERAND to the 0016 ; 
contents of index register X. Bee 
Instructions : ADC, AND, ASL, CMP, DEC, 
DIV, EOR, INC, LDA, LDY, 041, 
LSR, MUL, ORA, ROL, ROR, 
SBC, STA, STY FF, 
Example  - Mnemonic Machine code Zero page X 
ADC $1E,X 7516 1E.6 specification | 
Contents of 
index register X 
OPCODE (754.) 
OPERAND (1E 4g) | 
oO] + [ee}= yy, 
Ignored 
H ae RS" 
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Name : Zero page Y addressing mode 

Function : The operation is performed on 
the zero page memory location 
whose address is specified by 
adding the OPERAND to the 
contents of index register X. 

Instructions : LDX, STX 

Example *- Mnemonic Machine code 
LDX $02,Y B6,,_, 02;, 


00, 





Zero page 






E81, 


FF,. 
Zero page Y 
specification 


Contents of 
index register Y 





OPCODE (B6,.) 
OPERAND (02,,) 





Name : Absolute addressing mode 
Function =: The operation is performed on 
the memory whose address is 
2 , Memory 
specified by first and second 


OPERAND. 
Instructions : ADC, AND, ASL, BIT, CMP, 


CPX, CPY, DEC, EOR, INC, 
JMP, JSR, LDA, LDX, LDY, 
LSR, ORA, ROL, ROR, SBC, 


STA, STX, STY 
Example °© Mnemonic Machine code 
ADC $AD1i2 6D, 12:— ADi. 






Absolute 
specification 





! 
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Name 
Function 


Instructions : 


Example 


Name 
Function 


Instructions : 


Example 


: Absolute X addressing mode 
- The operation is performed on 


the memory location whose 
address is specified by adding 
the contents of index register X 
to the value indicated by the 
first and second OPERAND. 

ADC, AND, ASL, CMP, DEC, 
EOR, INC, LDA, LDY, LSR, 
ORA, ROL, ROR, SBC, STA 


> Mnemonic Machine code 


ADC $AD12,X 7Di¢ 1216 ADie 


: Absolute Y addressing mode 
: The operation is performed on 


the memory location whose 
address is specified by adding 
the contents of index register Y 
to the value indicated by the 
first and second OPERAND. 
ADC, AND, CMP, EOR, LDA, 
LDX, ORA, SBC, STA 


: Mnemonic Machine code 


ADC $AD12,Y 7946 12,6 ADj¢ 


A-a+c+|[ Data | <— 


a~a+c+| Data |<— 






Memory 


1 OPCODE (7D,.) 
OPERAND I (1246) 
OPERAND II (AD,,) 













Memory 






OPCODE (794) 
7 ( 


OPERAND I (1246) 
OPERAND II (AD,g) 





AE00,, 


Contents of 
index register X 






Absolute X 
specification 





Contents of 
index register Y 






Absolute Y 
specification 
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Name 
Function 


Instructions : 


Example 


Name 
Function 


Instructions 


Example 


> Mnemonic 


: Mnemonic 


- Implied addressing mode 
- Implied addressing mode op- 


erations need no OPERAND. 
BRK, CLC, CLD, CLI, CLT, 
CLV, DEX, DEY, FST, INX, INY, 
NOP, PHA, PHP, PLA, PLP, 
RTI, RTS, SEC, SED, SEI, SET, 
SLW, STP, TAX, TAY, TSX, 
TXA, TXS, TYA, WIT 

Machine code 
CLC 184, 


- Relative addressing mode 
- Conditionally 


jumps to the 
address produced -by adding 
the Program Counter to the 
OPERAND. 


- BCC, BCS, BEQ, BMI, BNE, 


BPL, BRA, BVC, BVS 
Machine code 


BCC *—12 9016 F2i6 


Cc 


Jumps to * —12 address when 
carry flag(C) is cleared. 


Memory 


OPCODE to be 


executed next *— 1 2 
OPCODE (904.4) * 
OPERAND (F2,,) 

* +2 





Carry flag reset 


Proceed to next address when 
carry flag(C) is set. 


Memory 


OPCODE (90,.) * 
OPERAND (F2,,) 


OPCODE to be 
executed next * +2 








ae SS 


Sea 
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: Indirect X addressing mode 

- The operation is performed on 
the memory location indicated 
by the contents of two con- 
secutive bytes in zero page 
memory whose first address is 
specified by adding the OPER- 
AND and the contents of index 
register X. 

ADC, AND, CMP, EOR, LDA, 
ORA, SBC, STA 


Name 
Function 


Instructions : 


Example - Mnemonic Machine code 
ADC ($1E,X) 614, 1E4, 

Name : Indirect Y addressing mode 

Function : The operation is performed on 


the memory location indicated 
by adding the contents of index 
register Y to the contents of 
two consecutive bytes in zero 


page memory’ whose _ first 
address is specified by the 
OPERAND. 


Instructions : ADC, AND, CMP, EOR, LDA, 
ORA, SBC, STA 
: Mnemonic Machine code 


ADC ($1E),Y 7tig 1Eic 


Example 


Memory 


) 


Datall (144, 


00:6 





Zero page 








05:6 













Zero page X 
indirect 
specification 







Contents of 
index register X 






OPCODE (614.) 
OPERAND (1E4¢) 


In this example, data I (00,¢) and data II (14,.) have been 
stored beforehand. 


uonjeoyloeds ajnjosqy 





Ignored 


14001, 


A~-A+C+ [ Data |< 


Memory 
DataI (014.6) . 
Data II (1216) 





00:6 






Zero page 





1Ei¢ 










Contents of 
FF index register Y 
Zero page 16 
indirect 

specification 


OPCODE (7146) 
OPERAND (1E,¢) 


A~A+C+ a 12E7i¢ 


In this example, data I (011,¢) and Data I (12,5) have been 
stored beforehand 


Absolute Y specification 
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Name 


Function 


Instructions - 
Example 


Name 


Function 


Instructions : 
Example 


: Indirect 


> Mnemonic 


. Zero page 


> Mnemonic 


absolute addressing 
mode 


: Jumps to the location specified 


by the contents of two consecu- 
tive bytes whose first address is 
specified by the first and 
second OPERAND. 

JMP 

Machine code 


JMP ($1400) 6C¢ 0016 1446 


indirect absolute 
addressing mode 


. Jumps to the location specified 


by the contents of two con- 
secutive bytes in zero page 
memory whose first address is 
specified by the OPERAND. 
JMP, JSR 

Machine code 


JMP ($05) B21¢ 0516 


Memory 





OPCODE (6Ci.) 
OPERAND I (00,.) 
OPERAND II (144,) 


Jump 


Indirect 
specification 















Data I (FFy,) 1400,, 
Datall (1E,,) 
Absolute 
specification 
Address to be 1EFF,, 


oO 
x 
oO 
Q 
, c 
-_- 
@ 
a. 
=) 
@ 
x 
—- 


In this example, FF,, as data I and 1E,. as data Il have been 
stored beforehand. 













Memory 
| 00,6 
ee Zero page 
Datal (FF,.¢) 0546 
Datall (1E;.¢) 06,6 
mesa toes FFic 
Zero page 
indirect 
specification Absolute 
specification 
OPCODE (B24.) . 
OPERAND (05,.) 
* 
Jump 
Address to be 
executed next 1EFF,, 





In this example, FF,gas data ] and 1E,,as data I have been 
stored beforehand. 
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Name -Zero page bit addressing 
mode 
Function =: The operation is performed on 


the bit (specified by the three 

high order bits of the OPCODE), 

on the zero page memory loca- 

tion specified by the OPERAND. 
instructions : CLB, SEB 


Example  -: Mnemonic Machine code 
CLB 5,$04 BF,, 044. 

Name : Zero page bit relative address- 
ing mode 

Function : Conditionally jumps to the 


address specified by adding 
the second OPERAND to the 
program counter, depending on 
the bit (specified by the three 


0016 


04,. Zero page 


FF 6 


Zero page 
specification 






Bit 
specification 


V 


OPCODE 


i rr tit 


OPERAND (04,,) 














Bit 5 


Advance to * +3 address when 
04,, address bit 5 is set. 


Jump to * — 12 address when 
04,, address bit 5is cleared. 


Memory Memory 


00,, 








04,, » Zero page 



























higher order bits of the 
OPCODE) in the zero page Z FF i, FF, 
: wee ee eee A NE ee 
memory location specified by 3 Zero page 
the first OPERAN D. = specification 
Instructions : BBC, BBS @ [Address to be = epee Neauen 
-M é Maen d si executed nextl * le 
Example : Mnemonic achine code S OPCODE 
BB 4,*%-12 B76 044, F1 Q ane ee an Cie aaa 
C 5,$0: ] 16 16 16 ° Tr 01 | : roe ; 
8 [on : 
; OP 
specification ERAND 08a 
y OPERAND II (F144) 
OPCODE Address to be 
ate, 43 
10111 |x ——— 
OPERAND I (044.) 
OPERAND II( F1,,) 
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Name 


Function 


Instructions : 
Example 


\ 
l 


Name _ |, 


Function 


Instructions : 
Example 


- Accumulator bit addressing 


mode 


- The operation is performed on 


the bit in the accumulator 
which is specified by the three 
high order bits of the OPCODE. 
There is no OPERAND. 


CLB, SEB 
> Mnemonic Machine code 
CLB 5,A BB... 


: Accumulator bit relative ad- 


dressing mode 


: Conditionally jumps to the 


address produced by adding 
the OPERAND to the program 
counter, depending on the bit 
in accumulator (specified by 
the high order three bits of the 
OPCODE). 


BBC, BBS 
: Mnemonic Machine code 
BBC 5,A,* —12 B3,¢ F216 


Bit5 
Accumulator a ae 


Memory 


Bit 
a eh 


AN 





When accumulator bit 5 is 
cleared 


BitS 
Accumulator | [0] 
Jump to * —12 address 


Memory 



















OPCODE 


I 


Bit 5 


When accumulator bit 5 is set 


Bit5 


Jump to *+2 address 


Memory 













Address to be = 
eZ 
\ 
| 101} 10011 |x 
OPERAND (F2,,) 
Address to be 
i #42 
OPCODE 
| 101] 10011 |x 
OPERAND (F2,.) 
Jum 
# +2 : 
MITSUBISHI 5-15 


ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MELPS 740 


? 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





Name : Special page addressing mode 
Function - Jumps to the specified address 
in the special page area. The 
lower eight bits are specified Memory 


by the OPERAND and the up- 
per eight bits are defined by 
the special page (see Note 1). 
Instructions : JSR 
Example ‘Mnemonic Machine code 
JSR \$FFEO 22,, E04, 


OPCODE (224.) 
OPERAND (E0,,) 












Special page 


Note 1 : Note that the special page ts defined as-the highest address- epeciicallen 


able 256 bytes of any given microcomputer and may be 
“FFig’, “4 Fig’, “2Fie’, etc . 


(Note 1 ) 
yg ee ale FF00,. 


(Note 1 ) 
FFEO,, 










Address to be 
executed next 


(Note 1 ) 
FFFF,, 
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LIST OF INSTRUCTION CODES 


Ie =l=[= P=) b= 

Hexadecimal | 

notation 3 | : Ferrers 

<x 

= 

20 
1011 B 


1101 D 
1110 


1111 


2 





A 


z 


ASL 
E 


D 


> 
O 


ROL 


N 
> 


ba ge 
‘ed 
# 
Pd 
+ 


[e) 
> 


ie) 
> 


~tertoree tte 
SS RAC 
Pe eo OY ee 
a Oe Sheers 
EEE an Rtn, Bo 
Es AG 
Bi cars 
> 
Bee ET gg 
EMMY SE co $cc 
ea ae 
Sam 7 
pat 3 sees 





ES 
> 


a 
> 














ba | 


Note Support of these instructions depends on the microcomputer type 

Supported in the following microcomputer types Instruction Not supported in the following microcomputer types 
M50740A-XXXSP, M50740ASP, M50740A-XXXSP, M50740ASP, 
M50741-XXXSP, M50752-XXXSP, WIT M50741-XXXSP, M50752-XXXSP, 














Series 7450, Series 38000, M50752-XXXSP, M50757-XXXSP, 
M37424M8-XXXSP, M50758-XXXSP, M37424M8-XXXSP, 
M37524M4-XXXSP M37524M4-XXXSP 





FST 
SLW 
M50757-XXXSP, M50758-XXXSP M50757-XXXSP, M50758-XXXSP 
MUL 
DIV 





3-byte instruction 


[| 2-byte instruction 
a 1-byte instruction 
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MACHINE INSTRUCTIONS 


Addressing mode 


Symbol Function Details 


ADC When T=0 Adds the carry, accumulator and memory con- 212 
(Note 1) | A—A-++M+C tents The results are entered into the accumu- 
(Note 6) lator. 
When T=] Adds the contents of the memory in the 
M(X)+-M(X)--M-#C | address indicated by index register X, the con- 
tents of the memory specified by the addres- 
sing mode and the carry The results are en- 
tered into the memory at the address indicated 
by index register X 
AND When T=0 “AND's” the accumulator and memory contents. 
(Note 1) 
ASL 


A+AAM The results are entered into the accumulator 
“AND’s” the contents of the memory of the address 
BBC 
(Note 4) 


indicated by index register X and the contents of the 
BBS 
(Note 4) 


memory specified by the addressing mode. The re- 
sults are entered into the memory at the address in- 
dicated by index register X 
BCC 
(Note 4) 

BCS 
BEQ 
(Note 4) 
BIT 


BMI 
(Note 4) 

BNE z=0? 
(Note 4) 


@ 
at 
N 
v 


ag 
> 
@ 
a 
> 











IS 
ene 
ees 
nc (7 
ee |: 
aes FS 






























When T=1 
M(X)—M(X) AM 








Shifts the contents of accumulator or contents of 
memory one bit to the left The low order bit of 
the accumulator or memory is cleared and the 
high order bit is shifted into the carry flag 





















Ab or Mp=0? Branches when the contents of the bit specified 


in the accumulator or memory is “0” 







NO 
© 
ee 
ae 
N 
oO 
Ww 
PO 
























Ab or Mp=1? Branches when the contents of the bit specified 


in the accumulator or memory ts “1” 









Branches when the contents of carry flag 1s “0” 





Branches when the contents of carry flag 1s “1” 


eae (eR Ee sl ee eee 


Oo —_ 
+S] M45 
ae ee ee eS 
Ww 








Branches when the contents of zero flag 1s “1” 








“AND’s” the contents of accumulator and mem- 





ory The results are not entered anywhere 








Branches when the contents of negative flag ts 
“ ” 
Branches when the contents of zero flag 1s “0” 
















































BPL Branches when the contents of negative flag is 
(Note 4) “0° 
Jumps to address specified by adding offset to 
the program counter 
BRK B-+-1 Executes a software interrupt 00; 7/1 
M(S) «PC, 
S+S-—]1 
M(S) PC. 
S+S~—1 
M(S)+-PS 
S+S—]1 
PC_+-AD, 
PCy*-ADuy 
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oP] 

re 
| 

ie) 






























































v|t{B [0] 1/zI\c} 


Vv 











6s ]4/aj2(1jo 


Processor status register 














~~ 


° e e e e 
° e ° e 
e e 
— aoe 
N 
{SS Feet 
3 1/8 aoa 


N 
N 










































































ee 
| 


























| 
T 















































Addressing mode 






































oe) 
—— Gi ccoae 
oO Ke) Ww NS 
: | SARE ONSOREE Ree Sees OFS Seal A Ae Re ae ae ia 
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| ne FE ee, Reet eA es a Ek ee aia a 
[5 San |= aa“ ON (SN (CE NS Se ne a 
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Addressing mode 
Symbol Function Details | imp | imm | A | 
BVC V=0? = Branches when the contents of overflow flag 1s 
(Note 4) noe 
BVS V=1? Branches when the contents of overflow flag 1s 
(Note 4) ele 
CLB Ab or Mp0 Clears the contents of the bit specified in the 
accumulator or memory to “0” 
CLC Te-0 Clears the contents of the carry flag to “0” 
CLD D+-0 Clears the contents of decimal- mode flag to 
“gn : 
CLI IO Clears the contents of interrupt disable flag to 
“gn 
CLT T—O Clears the contents of index X mode flag to “0” 
v+-0 Clears the contents overflow flag to “0” 
CMP When T=0 Compares the contents of accumulator and 
(Note 3) | A—M memory 
When T=1 Compares the contents of the memory speci- 
M(X)—M filed by the addressing mode with the contents 
- of the address indicated by index register X 
COM M+-M | Forms a one’s complement of the contents of 
memory, and stores it into memory 
CPX X—M _ Compares the contents of index register X and 
memory 
CPY Y—M Compares the contents of index register Y and 
memory 
DEC A+-A—1 or Decrements the contents of the accumulator or 
M<-M—1_ |_ memory by 1 
DEX X+-X—1 Decrements the contents of index register X by 
1 
¥= 71 Decrements the contents of index register Y by 











1 









A+(M(zz+X+ 1), 


(Note 5) | M(zz+X))/A 









M (S) + 1’s comple- 





Divides the 16-bit data that is the contents of 
M(zz+x-+1) for high byte and the contents of 
M (zz + x) for low byte by the accumulator 





























































































ment of Remainder Stores the quotient in the accumulator and the 
oS— 1 1’s complement of the remainder on the stack 
EOR When T=0 “Exclusive-ORs” the contents of accumulator 
(Note 1) | A-A¥M and memory The results are stored in the 
accumulator 
When T=1 “Exclusive-ORs” the contents of the memory 
M (X) ——M(X)3*M specified by the addressing mode and the con- 
tents of the memory at the address indicated by 
index register X The results are stored into the 
memory at the address indicated by index reg- 
ister X 
FST i Connects oscillator output to the Xourr pin 
(Note 5) 
INC A+-A-+1 or =" inerements the contents of accumulator or 
M<+-M-+1 | memory by 1 
INX X+-X+1 Increments the contents of index register X by 
an 
INY Y+-Y+1 increments the contents of index register Y by |C8 
1 
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Processor status register 





















































ASS | 









































Sa PA Fee a |e ea ee ee ee 
[ee is ae a ee 






































Addressing mode 











oot = SS ———— 
c 
3 2 Ge a CMs Sa 

4 

= 














TT 
Hie 

















ABS,X 
Tr 
ek 

| 














ABS 
Tr 
4 

EE|6|3/FE|7 | 3 


| 











—+ 














ia 
E 
a 
+ 
7 




















a 


F6| 6 | 2 


in ner ea ae a oe ee 
N N 
a a ee ee ae ae ae ee 


55| 4 | 2 


poeta eee 7 
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Addressing mode 





oF|n|# fm] #[0e|n]# for] n[ =m] n | ar|n 







If addressing mode is ABS 
PC_+-AD, 
PCy*-ADy 
If addressing mode is IND 
PC._+-M(ADuy, AD,) 





If addressing mode is ZP, IND 
PC,.«M (00, AD,) 
PCy+-M (00, AD. +1) 







if addressing mode is ABS, 








PCH*M(ADy, AD. -+1) 





Jumps to the specified address 



















M(S) PC, After storing contents of program counter tn 
S+S-—1 stack, and jumps to the specified address 
M(S) —PC_ 

S-+S-—1 

After executing the above, 



























































































































a 
ee ins all 
[eae ee eS ee ee ees ee eee 

















PC._*AD, 
PCy*+ADy 
If addressing mode is SP, 
PC,.*AD_, 
PCys-FF 
If addressing mode is ZP, IND, 
PC,+-M (00, AD,) 
PCy+-M (00, AD, +1) 
LDA When T=0 Load accumulator with contents of memory AQ} 2 | 2 A5| 3 | 2 
(Note 2) | A+-M 
When T=1 Load memory indicated by index register X with 
M(X) —M contents of memory specified by the addres- 
sing mode 
LDM Load memory with tmmediate value Teeeaia 
LDX X+-M Load index register X with contents of memory A2| 2 Pt eae Wea 
LDY Y~+M Load index register Y with contents of memory AO} 2 Pare 
LSR 7 O Shift the contents of accumulator or memory to ] 3 le 
o-L_J-c the right by one bit 
The low order bit of accumulator or memory 1s i 
stored in carry, 7th bit is cleared 
MUL M(S) «A*-AXM (zz+X) Multiplies the accumulator with the contents of na 
(Note 5) | S+-S— 1 memory specified by the zero page X addres- 
sing mode and stores the high byte of the result 
on the stack and the low byte in the accumu- 
lator 
NOP PC+-PC+1 No operation EA; 2/1 | | ef le ales IE Led 
ORA When T=0 “Logical OR’s” the contents of memory and 09|2)|2 05; 3 | 2 
(Note 1) | A-AVM accumulator The result ts stored in the accu- 
mulator 
When T=1 “Logical OR’s” the contents of memory indi- 
M(X)+—-M(X) VM cated by index register X and contents of mem- 
ory specified by the addressing mode The re- 
sult is stored in the memory specified by index 
register X 
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Addressing mode 
Function Details BIT,A | zp BIT,ZP 





PHA M(S)-A Saves the contents of the accumulator in memory 
S$-+S-—1 at the address indicated by the stack pointer and 

; decrements the contents of stack pointer by 1 
PHP M(S)+PS Saves the contents of the processor status reg- 
S+S-—1 ister in memory at the address indicated by the 





stack pointer and decrements the contents of 
the stack pointer by 1 



























































































M(X)+-M(X)—M-—C | and contents of the memory indicated by the 
addressing mode from the memory at the 
address indicated by index register X The re- 
sults are stored into the memory of the address 

















m 
ai 
DW 
i eee 





























PLA S+S+1 Increments the contents of the stack pointer by 1 
A+-M(S) and restores the accumulator from the memory at 
the address indicated by the stack pointer 
PLP S+S+1 Increments the contents of stack pointer by | and 
PS+-M(S) restores the processor status register from the mem- 
ory at the address indicated by the stack pointer 
ROL 7 0 Shifts the contents of the memory or accumula- 26/5) 2 
[ Ealick tor to the left by one bit The high order bit 1s 
shifted into the carry flag and the carry flag ts | 
shifted into the low order bit 
ROR 7 0 Shifts the contents of the memory or accumula- 512 
a ge tor to the right by one bit The low order bit ts 
shifted into the carry flag and the carry flag 1s 
a shifted into the high order bit 
7 0 Rotates the contents of memory to the right by 4 2 
ie yy 
S+S+1 Returns from an interrupt routine to the main 
PS+-M(S) routine 
S+-S+1 
PC.+-M(S) 
S+S-+1 
PCy+-M (S) ; 
S+S-+1 Returns from a subroutine to the main routine. 
PC,+-M(S) 
S+S-+1 
PCM (S) 
SBC When T=0 Subtracts the contents of memory and comple- 
(Note 1) | A-A—M—C ment of carry flag from the contents of accumula- 
(Note 6) tor The results are stored into the accumulator 
When T=1 Subtracts contents of complement of carry flag 
Z 































































indicated by index register X 

Ab or Mp1 Sets the specified bit in the accumulator or 
memory to “1 ” 

C-1. Sets the contents of the carry flag to “1 ” 

D-+-1 Sets the contents of the decimal mode flag to 
oy 

I] Sets the contents of the interrupt disable flag to 
“yp 

T1 Sets the contents of the index X mode flag to 

SLW ‘ Disconnects the oscillator output from the Xoutr 
(Note 5) pin E 
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zex | zew [ass [asex [assy | ino [zeino[wox [wow [nec [se |7|s[s]«)3[2[1[0 
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(Value saved in stack) 
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Addressing mode 
symbol Details Timm | A | BITA BIT,ZP 
# for] n | CE 




















TSX X+-S Transfers the contents of the stack pointer to in- IBA 
dex register X 
+X 


# for] n | # [oP| nm # [oP 
STA M-+A Stores the contents of accumulator in memory Tee Re eee 
STP Stops the oscillator 1 
(noe PELL BaaE 
STX M<+X Stores the contents of index register X in 2 
wool TLE ui 
STY M<-Y Stores the contents of index register Y in 2 
aaa BREERE ue 
TAX X+A Transfers the contents of the accumulator to in- JAA 1 
dex register X Pee a 
TAY Y+A Transfers the contents of the accumulator to in- 
dex register Y cae 
TST M=0? Tests whether the contents of memory are “0” i 
or not 




















QO © @ © > > iS 

Dw) fee) N 

: ee a 

— —_— 
Fa a A (ea aL ee ee eae 

OO 

a a ae eae ee eee 
a oe es eee a eS 
Fea Sea (ae a oe eS 


TXA A Transfers the contents of index register X to the j8A 
accumulator Ee 
TXS S+X Transfers the contents of index register X to the 9A 
stack pointer ld Ee 
TYA A~Y Transfers the contents of index register Y to the 2 
accumulator 
WIT Stops the internal clock ig a 
(Note 5) i 





66 


Note 1 : The number of cycles nts increased by 3 when T ts 1 ' 
2 : The number of cycles “n” 1s increased by 2 when T ts 1 


The number of cycles “n” 1s increased by 1 when T is 1 


The number of cycles “nis increased by 2 when branching has occurred 
Support of these instructions depends on the microcomputer type 


Supported in the following microcomputer types 


M50740A-XXXSP, M50740ASP, 
FST M50741-XXXSP, M50752-XXXSP, 
SLW M50757-XXXSP, M50758-XXXSP 
Series 7450, Series 38000, 
MUL M37424M8-XXXSP, 
DIV M37524M4-XXXSP 


Instruction Not supported in the following microcomputer types 


M50740A-XXXSP, M50740ASP, 
M50741-XXXSP, M50752-XXXSP, 
M50757-XXXSP, M50758-XXXSP 


M50752-XXXSP, M50757-XXXSP, 


M50758-XXXSP, M37424M8-XXXSP, 
M37524M4-XXXSP 


om & Ww 





6 : N, V, and Z flags are invalid in decimal operation mode 
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Addressing mode 


ABS,X ABS, Y ZP,IND IND,X 
OP} n|#/OP| n| # 





+/OP! n|#|OP) n 





















































Contents 
implied addressing mode 
Immediate addressing mode 
Accumulator or Accumulator addressing mode 


Accumulator bit relative addressing mode 


Zero page addressing mode 
Zero page bit relative addressing mode 


Zero page X addressing mode 
Zero page Y addressing mode 
Absolute addressing mode 
Absolute X addressing mode 
Absolute Y addressing mode 
Indirect absolute addressing mode 


Zero page indirect absolute addressing mode 


Indirect X addressing mode 
Indirect Y addressing mode 
Relative addressing mode M (xX) 
Special page addressing mode 
Carry flag M (S) 
Zero flag 
Interrupt disable flag » MCADy, AD_) 
Decimal mode flag 
Break flag 
X-modified arithmetic mode flag M(00, AD, ) 
Overflow flag Ab 
Negative flag Mb 

OP 

n 


+ 





Processor status register 


au 








Addition 

Subtraction 

Logical OR 

Logical AND 

Logical exclusive OR 

Negation 

Shows direction of data flow 

Index register X 

Index register Y 

Stack pointer 

Program counter 

Processor status register 

8 high-order bits of program counter 
8 low-order bits of program counter 
8 high-order bits of address 

8 low-order bits of address 

FF in Hexadecimal notation 
Immediate value 

Memory specified by address designation of any 
addressing mode 

Memory of address indicated by contents of index 
register. X 





Memory of address indicated by contents of stack 
pointer 

Contents of memory at address indicated by ADy and 
AD,, in ADy ts 8 high-order bits and AD, ts 8 low- 
order bits 





Contents of address indicated by zero page AD, 
1 bit of accumulator 

1 bit of memory 

Opcode 

Number of cycles 

Number of bytes 





MITSUBISHI MICROCOMPUTERS 


MELPS 740 


SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 





NOTES on USE 


Keep the following points in mind while programming. 


Processor status register 

(1) Initialization of processor status register 
After a reset, the contents of the processor status reg- 
ister (PS) are undefined except for the | flag which is 
“1”. Therefore, flags which affect program execution 
must be initialized after a reset. 
In particular, it is essential to initialize the T and D 
flags because they have an important effect on calcula- 
tions. 

(2) How to reference the processor status register 
To reference the contents of the processor status reg- 
ister (PS), execute the PHP instruction once then read 
the contents of (S+1). If necessary, execute the PLP 
instruction to return the PS to its original status. 
A NOP instruction should be executed after every PLP 
instruction. (The NOP in unnecessary when using a 
series 38000 microcomputer). 








Flags Initializing 


I 
I 
I 


Initialization of Flags in PS 


S 
S+1 Saved PS 


Stack Memory Contents after PHP Instruction Execution 


PLP Instruction 


NOP Instruction 
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interrupts 

The contents of the interrupt request bits can be changed 

by software, but the values will not change immediately af- 

ter being overwritten. Therefore, note the following points: 

(1) After changing the value of the interrupt request bits, 
execute at least one instruction before executing a 
BBC, BBS, or any other read instruction. 

(2) When clearing an interrupt request bit to “O” and set- 
ting an interrupt enable bit to “1” (=setting in an inter- NOP Instruction 
rupt enable state), it needs to be cleared or set these 
bits in a separate instruction. The interrupt is accepted 
because it becomes in the interrupt enable state be- 
fore clearing the interrupt request bit, if clearing the in- 
terrupt request bit and setting the interrupt enable bit 
are performed in an instruction. 


BRK instruction 

(1) It can be detected that the BRK instruction interrupt 
event or the least priority interrupt event by referring 
the stored B flag state. Refer the stored B flag state in 
the interrupt routine, in this case. 
However, the microcomputer that has an independent 
BRK instruction interrupt vector (cf. the 7450 series, 
the 7470 series, and the 38000 series) are not neces- 


Clear the Interrupt Request 


: Bit to “0” 
sary this detection. 
(2) The CPU of all 8-bit microcomputers except the 38000 eave 
series have the following bug about the BRK instruction instruction 


execution. 

At the following status, 

@ the interrupt request bit has set to “1”. 

(@) the interrupt enable bit has set to “1”. 

3) the interrupt disable flag (1) has set to “1”. 

if the BRK instruction is executed, the interrupt disable 
‘state is cancelled and it becomes in the interrupt en- 
able state. So that the requested interrupts (the inter- 
rupts that corresponding to their request bits have set 
to “1”) are accepted. 


Set the Interrupt Enable 
Bit to “1” 








eee a 
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Decimal calculations 

(1) Execution of decimal calculations 
The ADC and SBC are the only instructions which will 
yield proper decimal results in -decimal mode. To 
calculate in decimal notation, set the decimal mode 


flag (D) to “1” with the SED instruction. After executing 
the ADC or SBC instruction, execute another instruction s 


ADC or SBC Instruction 


before executing the SEC, CLC, or CLD instruction. 

(2) Note on flags in decimal mode 
When decimal mode is selected, the values of three of 
the flags in the status register (the N, V, and Z flags) 
are invalid after a ADC or SBC instruction is executed. 


The Carry flag (C) is set to “1” if a carry is generated 


as a result of the calculation, or is cleared to “0” if a SEC, CLC, or CLD Instruction 


borrow is generated. To determine whether a calcula- 
tion has generated a carry, the C flag must be initial- 
ized to “O” before each calculation. To check for a bor- 
row, the C flag must be initialized to “1” before each 
calculation. 





JMP instruction 

When using the JMP instruction in indirect addressing 
mode, do not specify the last address on a page as an in- 
direct address. 





APPENDICES 
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SERIES MELPS 740 MASK ROM 
ORDERING METHOD 

Mitsubishi Electric corp. accepts order to transfer EPROM 
supplied program data into the mask ROM in single-chip 8- 
bit microcomputers. 

When placing such order, please submit the information 
described below. 


(1) Mask ROM confirmation form-::::s1:ttrr 1 set 
(There is a specific form to be used for each model.) 

(2) Data to be written into mask ROM-::*:*7:7- > EPROM 
(Please provide three sets containing the identical 
data. ) 

(3) Mark specification 70) 40) one on cnn 1 set 

NOTES 


(1) Acceptable EPROM type 
Any EPROM made by Mitsubishi that ts listed in the 
mask ROM confirmation form may be used. 

(2) EPROM window labeling 
Please write the model name and the identification 
code (A, B, C) on the label for each of the three sets 
of data EPROMs provided. 


Example : label 











M507 47 
-XXXSP: 








M50747 


-XXXSP Type 


Cy 


Identification 


of three sets 


code for each 


(3) Calculation and indication of checksum code 
Please calculate the total number of data in words in 
the EPROM, and write the number in 4-digit hexade- 
cimal form in the checksum code field of the mask 
ROM confirmation form. 

(4) Options : 
Refer to the appropriate data book entry and write the 
desired options on the mask ROM confirmation form 

(5) Mark specification method 
The permissible mark specifications differ depending 
on the shape of package. Please fill out the mark spe- 
cification form and attach it to the mask ROM confirma- 
tion form. 


OUTLINE OF ORDER PROCESSING 

Mitsubishi will produce the mask ROM if at least two of the 

three EPROM sets submitted contain identical data. 

lf we find error when the submitted EPROMs are com- 

pared, we will contact your representative 

Thus, we assume responsibility only when we produce the 

mask ROM that contain data other than the data correctly 

provided by the customer. 

Mitsubishi uses an automatic mask ROM design program to 

generated the following - 

1. Drafting data for mask ROM production, 

2. ROM code listing or EPROM for mask ROM production 
error check work, 

3. Mask ROM test program. 

The chart below shows the flow of mask ROM production 
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Mask ROM 
confirmation 













Object program 
generation 
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ae Mask ROM 
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ELECTRIC 


Mask drafting data 
Order mask 


| 
Acceptance 


NO Mask ROM 
automatic 


design progra 





Mask ROM test program 


Mask ROM” ] 
manufacturing 
process 






process 





MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH00—95A< 75B0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | | 


SINGLE-CHIP MICROCOMPUTER M37450M2-XXXSP/FP 
MITSUBISHI ELECTRIC 


Section head| Supervisor 
signature signature 








Note : Please fill in all items marked. 


Submitted by | Supervisor 


Company 
name 






* | Customer 





Issuance 
signature 





issued 





* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Microcomputer name - L] M37450M2-xXXXSP L] M37450M2-XXXFP 


Checksum code for entire EPROM Pi [| [| (hexadecimal notation) 


L] 27128 [| 27256 


EPROM type 








HL 


HHANT . TAR 
sero" 

















Set “FF,,” in the shaded area 


2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 


appropriate mark specification form (64P4B for M37450M2-XXXSP ; 80P6 for M37450M2-XXXFP) and attach to 
the mask ROM confirmation form. 


* 3. Comments 





ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SHO00—99A < 75B0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | | 


SINGLE-CHIP MICROCOMPUTER M37450M4-XXXSP/FP 
MITSUBISHI ELECTRIC 


Section head| Supervisor 


lgneture | Signature 











Note : Please fill in all items marked. 


Submitted by} Supervisor 


Company 
name 






* | Customer 





Issuance 
signature 


Date 








issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Microcomputer name : L] M87450M4-XXxXSP LL] M37450M4-XXXFP 


Checksum code for entire EPROM f | ff (hexadecimal notation) 


L] 27128 L] 27256 
—}--—-— 


EPROM type 











de | TT ~ 


2000 
1FFF _| data orre ve $000 "8k 











Set “FF,” in the shaded area. 


%* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37450M4-XXXSP ; 80P6 for M37450M4-XXXFP) and attach to 
the mask ROM confirmation form. 


* 3. Comments 





¢ MITSUBISH = 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH03—07A< 9YA0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM 


SINGLE-CHIP MICROCOMPUTER M37450M4TXXXSP/J i ae 
Date ; 


MITSUBISHI ELECTRIC : 


Note : Please fill in all items marked. 













Company | Submitted by] Supervisor 


name — 





* | Customer 





Issuance 
signature 


Date 





issued 





* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Microcomputer name .: L] M37450M4TXXXSP [] M37450M4TXXXJ 


Checksum code for entire EPROM | | | [| (hexadecimal notation) 


0 272 [] 27256 


Willie La 
200077 

data 8K 6000-3 
3FFF__! data 7EFE—oK 
Xx 2. Mark specification 


Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37450M4TXXXSP ; 84P0 for M37450M4TXXXJ) and attach to the 
mask ROM confirmation form. 


EPROM type 

















Set “FF,,” in the shaded area. 


* 3. Comments 





Bak ¢ MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH01—00A< 76B0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37450M8-XXXSP/FP 
MITSUBISHi ELECTRIC 


Section head; Supervisor 
signature signature 








Note : Please fill in all items marked 


Submitted by| Supervisor 


Company Sieh Sarees 


name 






* | Customer 








Issuance 
signature 








x 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Microcomputer name : L] M37450M8-XXXSP L} M37450M8-XXXFP 


Checksum code for entire EPROM rt | [| (hexadecimal notation) 
EPROM type 


L] 27128 L] 27256 











0000 0000 


16K 


4000 ~ 
3FFF __|7FFF— 


data 








Set “FF,,” in the shaded area 


*% 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37450M8-XXXSP ; 80P6 for M37450M8-XXXFP) and attach to 
the mask ROM confirmation form. 


* 3. Comments 





MITSUBISHI 6—7 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH03—89A< OYAO > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | | 
SINGLE-CHIP MICROCOMPUTER M37451M4-XXXSP/FP/GP ne ae 


MITSUBISHI ELECTRIC 











Note : Please fill in all items marked: 


Submitted by 
Company 


name 
* | Customer 





Issuance 
signature 


Date 


issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Microcomputer name - [] M37451M4-XXXSP L-} M37451M4-XXXFP [|] M37451M4-XXXGP 


Checksum code for entire EPROM | ff | (hexadecimal notation) 
EPROM type 


L] 27128 [J 27256 L] 27512 


Address Address Address 


0000 0000,. [ 
"© | area for ASCII 000016 | area for ASCII '6 | Area for ASCII 


codes of the name codes of the name codes of the name 
of the product of the product of the product 
000F 1, ‘M37451M4—’ 000F ;. M37451M4— O00F 1. M37451M4— 























001016 00106 f 001016 or 


1FFFi¢ 5FFFi¢ DFFFi¢ oe 


200016 600016 E0004¢ 








ROM( 8 Kk) ROM( 8 kK) 











(1) Set “FF,.” in the shaded area Address Address 




















(2) Write the ASCII codes that indicates the name of 0000: |‘M’=4Dig; 000816 
the product ‘M37451M4—’ to addresses 000016 to 000116 ['3’ =3 346; 000916 
O00F,,. ASCII codes ‘M37451M4—’ are listed on 000216 ‘7’ =3 /46 O00A46 
the right. The addresses and data are in hexade- 0003;, ‘4’ =3 416! O00Bi6 
cimal notation. 0004.6 ['5’=3 51g! 000Ci,¢ 

00054. ‘J =31 16 000Di, 
0006;. ‘M’ = 4 D,; OO0E16 
000746 ‘4’ = 3 ron OO0F 16 











= ¢ MITSUBISHI 
| ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH03—89A< OYAO > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number] | 
SINGLE-CHIP MICROCOMPUTER M37451M4-XXXSP/FP/GP 
MITSUBISHI ELECTRIC 


Recommend to writing the following pseudo-command to the assembler source file : 


EPROM type 27128 27256 27512 


* =A4A$C000 * =4$8000 * =4$0000 


The pseudo-command 
4. BYTEA ‘M37451M4—’ 4.BYTEA ‘M37451M4—’ A. BYTEA ‘M37451M4—’ 


Note . If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled Write the data correctly. 


Xx 2. Mark specification 


Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37451M4-XXXSP ; 80P6N for M37451M4-XXXFP ; 80P6S for 
M37451M4-XXXGP) and attach to the mask ROM confirmation form. 


* 3. Comments 





MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH03—95A < OYAO > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number) 


SINGLE-CHIP MICROCOMPUTER M37451M4DXXXSP/FP - 
, ate: 
MITSUBISHI ELECTRIC oe pead] Superman 








signature 


Note : Please fill in all items marked. 


Submitted by | Supervisor 


Company 
name 







*X | Customer 1 





Date 


issuance 
signature 





issued 














* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Microcomputer name .- L] M37451M4DXXXSP L] M37451M4DXXXFP 


Checksum code for entire EPROM rt [ [i (hexadecimal notation) 
EPROM type 


L] 27128 lk L] 27256 | L] 27512 


Address Address Address 
7 
000016 Area for ASCII 000016 Area for ASCII 000016 Area for ASCII 
codes of the name codes of the name codes of the name 
of the product of the product of the product 
OOOF,, | M37451 M4D OO0F,, | M37451M4D M37451M4D 


0010 0010,¢ | 
16 WY 1 Zw Zp 
1FFFi¢ BFFF is |~ Lo 














































































































200016 600016" 
ROM( 8 kK) ROM( 8 kK) 
7FFFi6 | 
(1) Set “FF,,” in the shaded area. Address Address 
(2) Write the ASCII codes that indicates the name of 00001. ‘M’ = 4 Dig 00081. ‘D’=4 4 
the product ‘M37451M4D’ to addresses 0000,. to 000146 000916 tes FF, 
OOOF1¢. ASCII codes ‘M37451M4D’ are listed on 00024. 000Ai¢ FF, 
the right. The addresses and data are in hexade- 000316 O00Bi¢ F F 46 
cimal notation. 000416 000Ci¢ F Fie 
000516 000Di6¢ | FF Fast 
0006;¢ OOOEig _ F Fig 
000746 OOOFig | F F6 
MITSUBISHI 


o= 0 ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH03—95A< OYA0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37451M4DXXXSP/FP 
MITSUBISHI ELECTRIC 


Recommend to writing the following pseudo-command to the assembler source file : 


EPROM type 27128 27256 27512 





* = 4$C000 * =4$8000 * =4$0000 
The pseudo-command 
4.BYTEA ‘M37451M4D’ 4. BYTEA 'M37451M4D’ 4.BYTEA 'M37451M4D’ 


Note - If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 


* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37451M4DXXxXSP ; 80P6N for M37451M4DXXxXFP) and attach to 
the mask ROM confirmation form. 


* 3. Comments 





¢ MITSUBISHI = er 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH038—57A< 06A0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37451M8-XXXSP/FP/GP 
MITSUBISHI ELECTRIC ; 


Section head| Supervisor 


signature signature 








Note : Please fill in all items marked°X 


Submitted by| Supervisor 


Company 
name 






* | Customer 





Issuance 
signature 


Date 








issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Microcomputer name : [] M37451M8-XXXSP [] M37451M8-XXXFP [} M37451M8-XXXGP 


Checksum code for entire EPROM 1 | | {| (hexadecimal notation) 
EPROM type 


L] 27256 LJ 27512 


—+|—___ 





Address Address 


0000;6 Area for ASCII 000016 Area for ASCII 








codes of the name codes of the name 
of the product of the product 
000F 1, ‘M37451M8—' 


000F;. ‘M37451M8—’ 


001016 001046 
3FFFi¢ BFFF,¢ 4 






































400046 C000;. 
ROM(16K) ROM(16K) 

7FFFig | FFFFi¢ 
(1) Set “FF,,.” in the shaded area. Address Address 
(2) Write the ASCII codes that indicates the name of 0000;. 0008i¢ 
the product ‘M37451M8—’ to addresses 0000. to 000146 00096 
OOOFisg. ASCII codes ‘M37451M8—’ are listed on 00021. O00Ai6 
the right. The addresses and data are in hexade- 000316 000Bi¢ 
cimal notation. | 0004,, ‘5’ =3 56) 000Ci¢ 
000516 |'1’=3 lig) 000Di¢ 
000616 ‘M’ = 4 D 16 | OO0Ei. 
000716 ‘8’ =3 8 16 OO0Fi¢ 














¢ MITSUBISHI 
6-12 ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH03—57A< O6A0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | | 


SINGLE-CHIP MICROCOMPUTER M37451M8-XXXSP/FP/GP 
MITSUBISHI ELECTRIC 


Recommend to writing the following pseudo-command to the assembler source file : 


EPROM type 27256 


* = 4$8000 
The pseudo-command 
4.BYTEA 'M37451M8—’ 


Note - If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 









* = 4$0000 
4. BYTEA ‘M37451M8—’ 








%* 2. Mark specification 


Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37451M8-XXXSP ; 80P6N for M37451M8-XXXFP ; 80P6S for 
M37451M8-XXXGP) and attach to the mask ROM confirmation form. 


* 3. Comments 





¢ MITSUBISHI ae 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH03—96A< OYAO > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37451M8DXXXSP/FP 
MITSUBISHI ELECTRIC ae. 


ection head| Supervisor 
signature signature 








Note : Please fill in all items marked 


Gompany Submitted by 









Issuance 
signature 





name 
* | Customer 
Date 4 
issued 


Xx 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 














Microcomputer name : [] M37451M8DXXXSP L[] M37451M8DXXXFP 
Checksum code for entire EPROM rt fd (hexadecimal notation) 
EPROM type 
L| 27256 [] 27512 
Address Address 
COO Area for ASCII 000016 | area for ASCII 
codes of the name codes of the name 
of the product of the product 
OO0F,, |‘M37451M8D' OO0F,, |'M37451M8D' 
001046 001046 
SFFFi¢ BFFFi¢ 
4000,¢ C0001¢ 
ROM(16K) ROM(16K) 
7FFFi¢ FFFF i, 
(1) Set “FF,” in the shaded area. Address __ Address 
(2) Write the ASCII codes that indicates the name of 0000}. 000816 
the product ‘M37451M8D’ to addresses 00004. to 000146 000916 
OOOF,¢. ASCII codes ‘M37451M8D’ are listed on 00021. O00Ai6 
the right. The addresses and data are in hexade- 000316 O00Bi¢ 
cimal notation. 00044. 000Ci¢ 
: 000516 000D1¢ 
000616 O00E:., 
0007 16 OOOF,, 








6-14 af MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH03—96A< OYAO > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM 


SINGLE-CHIP MICROCOMPUTER M37451M8DXXXSP/FP 
MITSUBISHI ELECTRIC 


Recommend to writing the following pseudo-command to the assembler source file : 


EPROM type 27256 





* = 4$8000 * = 4$0000 
The pseudo-command 
4..BYTEA ‘M37451M8D’ 4,.BYTES ‘M37451 M&gD’ 


Note : If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 


* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 


appropriate mark specification form (64P4B for M37451M8DXXXSP ; 80P6N for M37451M8DXXXFP) and attach to 
the mask ROM confirmation form. 


x 3. Comments 





MITSUBISHI 6-15 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH03—91A< OYAO > . 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37451MC-XXXSP/FP/GP 
MITSUBISHI ELECTRIC 


Date : 





[Section head Supervisor 


signature signature 











Note : Please fill in all items marked. 


Submitted by! Supervisor 


Company 
name 






*x | Customer 





Issuance 
signature 


Date 


issued 








*K 1. Confirmation | 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
lf at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Microcomputer name : LC] M37451MC-XXXSP [J] M37451MC-XXXFP  L]) M37451MC-XXXGP 


Checksum code for entire EPROM rt i [| (hexadecimal notation) 
EPROM type 


L| 27256 = Ul 27512 




































































Address Address 
0000:6 | area for ASCII 000016 | area for ASCII 
codes of the name codes of the name 
of the product of the product 
Q00F;_ |‘M37451MC—" O00F,, |(M37451MC—’ 
0010;, 001046 LL 
1FFF4, OFFFi¢ 
200046 A0004¢ 
ROM( 24k) ROM(24K) 
7FFFi¢ FFFFi¢ 
(1) Set “FFy,—” in the shaded area. Address Address 
(2) Write the ASCII codes that indicates the name of 0000; 000816 |'—' =2 Dig 
the product ‘M37451MC—’ to addresses 0000;, to 00014. 0009i6 |. F Fig 
OOOF 16. ASCII codes ‘M37451MC —’ are listed on 000216 O00A16 FF 46 | 
the right. The addresses and data are in hexade- 00036 O00Bi¢ FF 46 | 
cimal notation. 00044. 000C4¢ L FF 46! 
000516 000Di¢ F Fie 
0006;. OO0E 16 FF 16 
000716 OO0F 16 Por 46 

















ae ¢ MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH03—91A< OYAO > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37451MC-XXXSP/FP/GP 
MITSUBISHI ELECTRIC 


Recommend to writing the following pseudo-command to the assembler source file : 


EPROM type 2/512 


* = $0000 
The pseudo-command 
4.BYTEA ‘M37451MC—’ 


Note - If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 














* =4$8000 
4.BYTEA ‘M37451MC—’ 






* 2. Mark specification 


Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37451MC-XXXSP ; 80P6N for M37451MC-XXXFP ; 80P6S for 
M37451MC-XXXGP) and attach to the mask ROM confirmation form. 


* 3. Comments 





¢ MITSUBISHI a 
ELECTRIC 





MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH02—91A< 9YA0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM 


MITSUBISHI ELECTRIC Supervise 


Note : Please fill in all items marked. 


Company ubmi y| Superviso 


name 
2% | Customer 
Date ; 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. . 


Checksum code for entire EPROM P| [| [| (hexadecimal notation) 
EPROM type 


LJ] 27128 L] 27256 LJ 27512 























Issuance 
signature 








Address Address Address 
0000;, 0000;. 
Area for ASCII Area for ASCII Area for ASCII 
codes of the name codes of the name codes of the name 
of the product of the product of the product 
‘M37470M2—’ 000F 16 ‘M37470M2—’ ‘M37470M2—’ 


001046 


6FFFi¢ 
700016 


ROM( 4 Kk) 















(1) Set “FF,” in the shaded area. Address Address 
(2) Write the ASCII codes that indicates the name of 0000;. 0008i, ‘—' = 2 Dig 
the product ‘M37470M2—’ to addresses 0000;. to 000116 00091. 
O00F;. ASCII codes ‘M37470M2—’ are listed on 000246 000Ai16 
the right. The addresses and data are in-hexade- 000316 000Bi¢ 
cimal notation. 000416 000Ci¢ F F 46 
000516 000D46 
000616 000E16 
000716 000F1¢ 








ae ate MTsuBISH 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH02—91A< 9YA0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM 


SINGLE-CHIP MICROCOMPUTER M37470M2-XXXSP 
MITSUBISHI ELECTRIC 


Recommend to writing the following pseudo-command to the start address of the assembler source program. 


EPROM type 27128 27256 





* =4$C000 * = 4$8000 * = 4$0000 
The pseudo-command 
4..BYTEA ‘M37470M2—’ 4..BYTEA ‘M37470M2—’ 4..BYTES ‘M37470M2—’ 


Note - If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 


* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 


appropriate mark specification form (32P4B for M387470M2-XXXSP) and attach to the mask ROM confirmation 
form. 


* 3. Comments 
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MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH02—92A< 9YA0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number} 


SINGLE-CHIP MICROCOMPUTER M37470M4-XXXSP 
MITSUBISHI ELECTRIC 


Section head| Supervisor 
signature signature 





Note : Please fill in all items marked 


Company 
name 






x | Customer 
Date 


issued 


Xx 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 


differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Checksum code for entire EPROM 1 | | [| (hexadecimal notation) 
EPROM type 
C] 27128 [| 27256 L} 27512 


Address ne ess Address 
0000 eT, 

0000;6/ area for ASCII ®) Area for ASCII Area for ASCII 
codes of the name codes of the name codes of the name 
of the product of the product | of the product 
‘M37470M4—’ 000F 1, ‘M37470M4—’ ‘'M37470M4—’ 


mT 


ROM( 8 kK) ROM( 8 K) 











(1) Set “FF,.” in the shaded area. Address Address 
(2) Write the ASCII codes that indicates the name of 000016 000816 =2 Dip 
the product ‘M37470M4—’ to addresses 0000. to 000146 000916 . F F 46 
000F,¢. ASCII codes ‘M37470M4—’ are listed on 00021. 000Ai¢ 
the right. The addresses and data are in hexade- 000346 000B¢ 
cimal notation. 0004, 000Ci¢ 
000516 000Di¢ 
000646 OO0Ei¢ F F 46 
000716 O00F 16 








7 ae MiTsuBISH 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH02—92A< 9YAO0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number] 


SINGLE-CHIP MICROCOMPUTER M37470M4-XXXSP 
MITSUBISHI ELECTRIC 


Recommend to writing the following pseudo-command to the start address of the assembler source program. 


EPROM type 27128 27256 27512 


* = 4$C000 * =24$8000 * =4$0000 
The pseudo-command 
4..BYTEA ‘M37470M4—’ 4. BYTEA ‘M37470M4—’ 4..BYTEA ‘M37470M4—’ 


Note : If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 


%* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (32P4B for M37470M4-XXXSP) and attach to the mask ROM confirmation 
form. 


x3. Comments 





MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH02—93A< 9YA0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37470M8-XXXSP 


MITSUBISHI ELECTRIC 


Company 
name 






* | Customer 
Date 





issued 


*x 1. Confirmation 


Specify the name of the product being ordered and the type of EPROMs submitted. 











Mask ROM number Cd 








Please fill in all items marked. 


Issuance 
signature 


Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the’ 


EPROMs submitted. 


Submitted by| Supervisor 








Checksum code for entire EPROM rt | td (hexadecimal notation) 


EPROM type - 


L] 27256 


Address 


000016 | Area for ASCII 
codes of the name 
of the product 
‘M37470M8—’ 


(1) Set “FFy,_” in the shaded area. 

(2) Write the ASCII codes that indicates the name of 
the product ‘M37470M8—’ to addresses 0000.6 to 
OO0F,,¢. ASCII codes ‘M37470M8 —’ are listed on 
the right. The addresses and data are in hexade- 


cimal notation. 





L] 27512 


Address —_ 
000016 | area for ASCII 
codes of the name 
of the product 
000F 16 ‘M37470M8—’ ; 
0010. 


BFFF 4, 
600046 


ROM(16K) 


Address 
0000;. 
0001 i¢ 
00021. 
000316 
0004,, 
000516 
00061. 
000746 





Address 


000816 
000946 
O00A16 
OO0Bi¢6 
000Ci¢ 
000D;¢ 
OOOEi¢ 
O00F 16 








| ore BRS 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH02—93A< 9YAO > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37470M8-XXXSP 
MITSUBISHI ELECTRIC 


Recommend to writing the following pseudo-command to the start address of the assembler source program. 


EPROM type 27256 27512 


* = 4$8000 * =4$0000 


The pseudo-command 
| 4.BYTEA ‘M37470M8—’ 4.BYTEA ‘M37470M8—’ 


Note - If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 


* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (32P4B for M37470M8-XXXSP) and attach to the mask ROM confirmation 
form. 


* 3. Comments 
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MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH02—94A< 9YBO0> 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number] 


SINGLE-CHIP MICROCOMPUTER M37471M2-XXXSP/FP 
MITSUBISHI ELECTRIC 


Section head| Supervisor 
signature signature 


Note : Please fill in all items marked. 





Submitted by| Supervisor 


Company 
name 









* | Customer 








Issuance 
signature 


Date 


issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of ERPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 


differ frorn this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 







































Microcomputer name : L] M37471M2-xXXXSP [] M87471M2-XXXFP 
Checksum code for entire EPROM Pf] (hexadecimal notation) 
EPROM type 
L] 27128 L] 27256 L] 27512 
Address Address sites 
pees Area for ASCII eeu Area for ASCII i Area for ASCII 
codes of the name codes. of the name codes of the name 
of the product of the product of the product 
000F,,¢| ‘M37471M2—’ O00F,_| ‘M37471M2—’ OO0F,.| ‘M37471M2— 
001046 001046 0010;.¢! 
2FFFi¢ 6FFFi¢ EFFFi¢ 
30006 700016 F000;. 
ROM( 4 K) ROM( 4 K) 
3FFFi¢ 7FFF 46 FFFFi¢ 
(1) Set “FF4,” in the shaded area. Address Address 
(2) Write the ASCII codes that indicates the name of 000016 0008,, |‘—’=2Di. 
the product ‘M37471M2—’ to addresses 0000. to 000116 0009;., 
OOOF;.. ASCII codes ‘M37471M2—’ are listed on 000246 000Ai6 
the right. The addresses and data are in hexade- 000316 OO0Bi¢6 
cimal notation. 000416 000Ci¢ 
000516 000D1¢ 
000616 000E 16 
000716 000F i¢ 
6—24 . MITSUBISHI 


ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH02—94A< 9YBO > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37471M2-XXXSP/FP 
MITSUBISHI ELECTRIC 


Recommend to writing the following pseudo-command to the start address of the assembler source program. 





* = 4$C000 * =4$8000 * = 4$0000 
The pseudo-command 
4. BYTEA ‘M37471M2—’ 4. BYTEA ‘M37471M2—’ 4.,BYTEA ‘M37471M2—’ 


Note : If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 


* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (42P4B for M37471M2-XXXSP ; 56P6N for M37471M2-XXXFP) and attach to 
the mask ROM confirmation form. 


* 3. Comments 





MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH02—95A< 9YBO > 


| 
SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37471M4-XXXSP/FP 
MITSUBISHI ELECTRIC 


Section head| Supervisor 
signature 





Note : Please fill in all items marked. 















TEL Submitted by | Supervisor 
Company eo 
name ( ) eS 
*x | Customer Se 
2D 
Date 2a 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 


differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 





Microcomputer name:  - L] M837471M4-XXXSP =] M37471M4-XXXFP 
Checksum code for entire EPROM 1 | [| [| (hexadecimal notation) 
EPROM type 
[] 27128 [| 27256 LJ 27512 
Address Address Address 
0000,., 0000,, 0000,¢ 
Area for ASCII Area for ASCII Area for ASCH 
codes of the name codes of the name codes of the name 
of the product of the product of the product 
O00F;, ‘M37471M4—’ 000F 1, ‘M37471M4—’ O00F 16 ‘M37471M4—’ 
al ff ff TT 001046 
ii SFFFi6 | DFFF 4,6 
6000;, E0001, 
ROM(8 K) ROM( 8 K) 
7FFF 4, 
(1) Set “FFy,_” in the shaded area. Address Address 
(2) Write the ASCII codes that indicates the name of 000016 0008. 
the product ‘M37471M4—’ to addresses 0000i¢ to 000116 000916 
QO0F;5. ASCII codes ‘M37471M4—’ are listed on 000216 000A46 
the right. The addresses and data are in hexade- 000316 OO0Bic¢ 
cimal notation. 000446 000Ci.6 
000516 000D4¢ 
000616 000E16 
000716 000F 16 








ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH02—95A< 9YBO > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37471M4-XXXSP/FP 
MITSUBISHI ELECTRIC 


Recommend to writing the following pseudo-command to the start address of the assembler source program. 


EPROM type 27128 27256 





* = 4A$C000 * = 4$8000 * = 4$0000 
The pseudo-command 
4.BYTES 'M37471M4—’ 4.BYTEA 'M37471M4—’ 4.BYTEA ‘M37471M4—’ 


Note - If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 


%* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (42P4B for M37471M4-XXXSP ; 56P6N for M37471M4-XXXFP) and attach to 
the mask ROM confirmation form. 


* 3. Comments 
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MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH02—96A< 9YB0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37471M8-XXXSP/FP 


Date : 


MITSUBISHI ELECTRIC Section head) Supervisor 





Note : Please fill in all items marked 


Company 
name 






Submitted by; Supervisor 


x | Customer 





Date 








Issuance 
signature 


issued 





Xx 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Microcomputer name : LJ] M37471M8-XXXSP [|] M37471M8-XXXFP 


Checksum code for entire EPROM rt] i (hexadecimal notation) 
EPROM type 


L] 27256 L] 27512 


———_——— 








Address Address 


0000:. 
Area for ASCII Area for ASCII 
codes of the name codes of the name 


of the product of the product 
OOOF,,| ‘M37471M8—" ‘M37471M8—’ 


001046 


3FFF 16 
400016 


ROM(16K) 











(1) Set “FF,,_” in the shaded area. Address Address 

(2) Write the ASCII codes that indicates the name of 0000;. 000816 

the product ‘M37471M8—’ to addresses 0000;. to 000116 000916 

OOOF,,.. ASCII codes ‘M37471M8—’ are listed on 00021. OO0Ai6 

the right. The addresses and data are in hexade- 0003;¢ O000Bi¢ 

cimal notation. 000416 000Ci¢6 

000516 000Di¢ 

0006i¢ OO0E1¢ 

( 00076 OO0F x6 
MITSUBISHI 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH02—96A< 9YBO > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | | 


SINGLE-CHIP MICROCOMPUTER M37471M8-XXXSP/FP 
MITSUBISHI ELECTRIC 


Recommend to writing the following pseudo-command to the start address of the assembler source program. 


EPROM type 27256 27512 


* =4$8000 * = 4$0000 
The pseudo-command 


4 .BYTES 'M37471M8—’ 4. BYTEA ‘M37471M8—’ 
Note - If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 












* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 


appropriate mark specification form (42P4B for M37471M8-XXXSP ; 56P6N for M37471M8-XXXFP) and attach to 
the mask ROM confirmation form. 


x 3. Comments 
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MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH04—34A< 13A0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number] 


SINGLE-CHIP MICROCOMPUTER M38002M2-XXXSP/FP 
MITSUBISHI ELECTRIC 


Section head} Supervisor 
signature _signature 





Note : Please fill in all items marked. 


Submitted by | Supervisor | 













Company 















2 9 
name ( ) 2 = 
* | Customer G © 
Date — Db 





Date : 





issued 





* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three EPROMS are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based on 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs. 


Microcomputer name : [] M38002M2-xxxSP  [] M838002M2-XXXFP 


Checksum code for entire EPROM rt tt (hexadecimal notation) 


EPROM type (indicate the type used) 


LJ] 27256 L] 27512 


Wenieeing pe eee : Seis ete as In the address space of the microcomputer, the 
EPROM address EPROM address 





internal ROM area is from address EQ80,.¢ to 
Product name Product name i j 
ene. eee FFFDi,. The reset vector is stored in addresses 
‘M38002M2—" ‘M38002M2—' FFFCi, and FFFD4.. 





data data 
ROM 8062 bytes ROM 8062 bytes 



































(1) Set the data in the unused area (the shaded area Address Address 
of the diagram) to “FFy,”. 0000i,, |‘M’=4 Die | 00081. 

(2) The ASCII codes of the product name “M38002M2—” 0001; |'3’=3 3, 000946 
must be entered in addresses 000016 to 0008;¢. 000216 000Ai6 
The ASCII codes and addresses are listed to the 000316 000Bi¢ 
right in hexadecimal notation. , 00046 000Ci¢ 
000516 000Di¢ 

000616 O00E1¢ 

000746 - 000F 16 








nae ate MITSUBISH 
: ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


' SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH04—34A< 13A0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | | 


SINGLE-CHIP MICROCOMPUTER M38002M2-XXXSP/FP 
MITSUBISHI ELECTRIC 


We recommend the use of the following pseudo-command to set the start address of the assembler source 
program. 


EPROM type 27256 27512 


*=A$8000 * =A$0000 
The pseudo-command 
.BYTEA ‘M38002M2—’ .BYTES ‘M38002M2—’ 


Note : If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. 






* 2. Mark specification 
Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropri- 
ate mark specification form (64P4B for M38002M2-XXXSP, 64P6N for M38002M2-XXXFP) and attach it to the 
mask ROM confirmation form. 


*x 3. Delivery standard 
Choose the format of the specifications for the product to be delivered. 
(1) Specifications for each ROM 


L] ROM code list unnecessary (standard). 
L} ROM code list necessary. 


Note that each format has the same scope of guarantee. Therefore, the standard format is recommended. 


* 4. Usage conditions 
Please answer the following questions about usage for use in our product inspection - 
(1) How will you use the Xin-Xour oscillator ? 


L]- Ceramic resonator L] Quartz crystal 


[1 €xternal clock input [] Other ( ) 


At what frequency ? (Xin) = | MHz 


(2) In which operation mode will you use your microcomputer ? 





L] Single-chip mode L[} Memory expansion mode 


[] Microprocessor mode 


* 5. Comments 





¢ MITSUBISHI = 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH03—22A< 9YA0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number] 


SINGLE-CHIP MICROCOMPUTER M38002M4-XXXSP/FP 
MITSUBISHI ELECTRIC 


Section head} Supervisor 
signature signature 











Note : Please fill in all items marked. 


| Submitted by| Supervisor 


Company 
name 









* | Customer 





Issuance 


Date 





signature 


issued 








* 1. Confirmation | 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three EPROMsS are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based on 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs. 

































































Microcomputer name : [1 M38002M4-XXXSP [LJ] M88002M4-XXXFP 
Checksum code for entire EPROM eRe (hexadecimal notation) 
L] 27256 LJ] 27512 . 
eee Secon ee In the address space of the microcomputer, the 
0000,. internal ROM area is from address C080i¢ to 
eed oe eae” FFFD,.. The reset vector is stored in addresses 
000F +6 ‘M38002M4—' ‘M38002M4—" FFFCi¢ and FFFDy4g. 
001016 
407Fi6 Li 
408016 
data data 
7FFDi¢ ROM 16254 bytes ROM 16254 bytes 
7FFEi¢ 
7FFF 6 
(1) Set the data in the unused area (the shaded area Address Address 
of the diagram) to “FFy.”. 000016 000846 
(2) The ASCII codes of the product name “M38002M4—” 0001 16 000946 
must be entered in addresses 00001¢ to 00084. 000216 O000Ai¢ 
The ASCII codes and addresses are listed to the 000316 O00Bi¢ 
right in hexadecimal notation. 0004,¢ 000Ci¢ 
00054. 000D4., 
00061. OOOEi¢ 
000746 











OOOF 1¢ 








pai | 9 MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH03—22A< 9YA0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M38002M4-XXXSP/FP 
MITSUBISHI ELECTRIC 


We recommend the use of the following pseudo-command to set the start address of the assembler source 
program. 


EPROM type 27256 


* = A$8000 * —' A $0000 
BYTEA ‘m38002M4—’ BYTEA ‘M38002M4—’ 


Note . If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. 















The pseudo-command 


%* 2. Mark specification 
Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropri- 
ate mark specification form (64P4B for M388002M4-XXXSP, 64P6N for M38002M4-XXXFP} and attach it to the 
mask ROM confirmation form. 


* 3. Delivery standard 
Choose the format of the specifications for the product to be delivered. 
(1) Specifications for each ROM 


[] ROM code list unnecessary (standard). 


[] ROM code list necessary. 
Note that each format has the same scope of guarantee. Therefore, the standard format is recommended. 


* 4. Usage conditions 
Please answer the following questions about usage for use in our product inspection : 
(1) How will you use the Xiy-Xour oscillator ? 


[] Ceramic resonator [1 Quartz crystal 


LC] External clock input L} Other ( ) 


At what frequency ? f(Xin) = | MHz 


(2) In which operation mode will you use your microcomputer ? 





L] Single-chip mode [_} Memory expansion mode 


[] Microprocessor mode 


*5. Comments 





MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH04—30A< 13A0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | | 


SINGLE-CHIP MICROCOMPUTER M38004M8-XXXSP/FP | 
MITSUBISHI ELECTRIC <i 


Section head| Supervisor 
stgnature signature 

















Note : Please fill in all items marked. 


Submitted by| Supervisor 
ia 


Company 
name 









- 


* | Customer 








Issuance - 
signature 


Date 








issued 











* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three EPROMsS are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based on 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs. 


Microcomputer name : L] M38004M8-XXXSP  [L] M38004M8-XXXFP 


Checksum code for entire EPROM L | ft (hexadecimal notation) 


EPROM type (indicate the type used) 
L] 27512 


EPROM address 
0000;., 


In the address space of the microcomputer, the 
internal ROM area is from address 8080. to 
Product name FFFD,,. The reset vector is stored in addresses 


SCII cod 
OO00F ;, Bee FFFCi. and FFFD 46. 


0010;¢ ZA eee 
Yi 


data 
ROM 32638 bytes 
FFFD4.6 ; 


FFFEy, ee 4 
FFFF¢ 











807Fi¢ 
808016 




































































(1) Set the data in the unused area (the shaded area Address = Address 
of the diagram) to “FF4,”. 000016 ‘M’? =4 Dig} 000816 ‘—'=2 Dig | 
(2) The ASCII codes of the product name “M38004M8—” O001ig ['3’ =3 346) 000916 FF, 
must be entered in addresses 0000;¢ to 00086. 0002;, |‘8’=3 8 16 | O00Ai¢ F Fie] 
The ASCII codes and addresses are listed to the 0003;, ({0' =3 016} O00Bi¢ F Fi6 
right in hexadecimal notation. 0004,, |‘0’=30 16 000C 16 F F 46 
000516 ‘4’ =3 4 46 000Di¢6 F F 46 
00061. ‘M’ = 4 Dig OO0E.., Ee F 46 | 
000716 |‘8°=3 846) O00Fig |- F Fu 
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SINGLE-CHIP MICROCOMPUTER M38004M8-XXXSP/FP 
MITSUBISHI ELECTRIC 


We recommend the use of the following pseudo-command to set the start address of the assembler source 
program. 


EPROM type 27256 27512 


*=A$8000 * =A$0000 
The pseudo-command 
-BYTES ‘M38004M8—’ .BYTES ‘M38004M8—’ 


Note : If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. 






* 2. Mark specification 
Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropri- 
ate mark specification form (64P4B for M38004M8-XXXSP, 64P6N for M38004M8-XXXFP) and attach it to the 
mask ROM confirmation form. 


Xx 3. Delivery standard 
Choose the format of the specifications for the product to be delivered. 
(1) Specifications for each ROM 


[1 ROM code list unnecessary (standard). 


[] ROM code list necessary. 
Note that each format has the same scope of guarantee. Therefore, the standard format is recommended. 


* 4. Usage conditions 
Please answer the following questions about usage for use in our product inspection - 
(1) How will you use the Xijj-Xour oscillator ? 


[1 Ceramic resonator L] Quartz crystal 


[] External clock input L] Other ( ) 


At what frequency ? f(Xind = | MHz 


(2) In which operation mode will you use your microcomputer ? 
O_ Single-chip mode [1 Memory expansion mode 


[] Microprocessor mode 


* 5. Comments 
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Company 
name 





* | Customer 








Date 


issued 





* 1. Confirmation 


Issuance 





Specify the name of the product being ordered and the type of EPROMs submitted. 


Three EPROMs are required for each pattern. 


signature 











Mask ROM number ae 


Section head} Supervisor 
signature signature 


Note : Please fill in all items marked. 


Submited by 


If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based on 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs. 


Microcomputer name : [] M38007M4-XXXSP 


L] M38007M4-XXXFP 


Checksum code for entire EPROM | | df (hexadecimal notation) 


EPROM type (indicate the type used) 
L] 27512 


EPROM address 
0000;. 


EPROM address 
000016 


Product name 
ASCII code 
‘M38007M4—’ 


Product name 
ASCII code 
O00F,, M38007M4— 


001016 


OO00F 1, 
00104. 


407Fi¢ 
40801, 


CO7Fi¢ 
C080;6 data 

ROM 16254 bytes 
7TFFDi¢ 
7FFE46 


7FFF 46 


FFFDi¢ 
FFFE16 


FFFF 4 

















a 
ROM 16254 bytes 


(1) Set the data in the unused area (the shaded area 
of the diagram) to “FF,,”. 

(2) The ASCII codes of the product name “M38007M4—” 
must be entered in addresses 0000ig to 0008;4¢. 
The ASCII codes and addresses are listed to the 
right in hexadecimal notation. 





In the address space of the microcomputer, the 


internal ROM area is from address C080;.¢ to 


FFFD,5. The reset vector is stored in addresses 
FFFCi6 and FFFDj4.. 


Address 


000016 
000116 
000216 
000316 
000416 
000516 
000616 
000716 











Address 


000816 
000946 
O00Ai¢6 
OO0OBi6 


~ 000Ci¢g 


000Di¢ 
OO0E16 
OO0F 16 












n 
~~ 


TNR 
nmin); O 


1H) 1) 71 


— 









7 
TT) THT 







ee ee ee 


7 
nm 
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We recommend the use of the following pseudo-command to set the start address of the assembler source 
program. 


* =A$8000 * = A$0000 
The pseudo-command 
.BYTEA ‘M38007M4—’ BYTEA ‘M38007M4—’ 


Note . If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. 





* 2. Mark specification 


Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropri- 


ate mark specification form (64P4B for M38007M4-XXXSP, 64P6N for M38007M4-XXXFP) and attach it to the 
mask ROM confirmation form. 


* 3. Delivery standard 


Choose the format of the specifications for the product to be delivered. 
(1) Specifications for each ROM 


[1 ROM code list unnecessary (standard). 
[] ROM code list necessary. 


Note that each format has the same scope of guarantee. Therefore, the standard format is recommended. 


KA, Usage conditions 


Please answer the following questions about usage for use in our product inspection - 
(1) How will you use the Xiy-Xour oscillator ? 


[|] Ceramic resonator L] Quartz crystal 


[1] External clock input [] Other ( ) 


At what frequency ? (Xin) = | MHz 


(2) In which operation mode will you use your microcomputer ? 


L] Single-chip mode [] Memory expansion mode 


L] Microprocessor mode 


* 5. Comments 
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SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | | 


SINGLE-CHIP MICROCOMPUTER M38062M3-XXXFP/GP : 
MITSUBISHI ELECTRIC Pale 


Section head| Supervisor 
signature signature 











Note : Please fill in all items marked. 


Submitted by| Supervisor 


Company 
name 









* | Customer 








Issuance 
signature 


Date 


issued 





* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three EPROMsS are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based on 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs. 


Microcomputer name : [] M38062M3-XXXFP [LL] M88062M3-XXXGP 


Checksum code for entire EPROM rt | [4 (hexadecimal notation) 


EPROM type (indicate the type used) 





L] 27256 27512 
ence - In the address space of the microcomputer, the 
EPROM address EPROM address 


internal ROM area is from address DQ80,¢ to 
00004, 




































































aie name Product name FFFD1,. The reset vector is stored in addresses 
code ASCII code 
‘M38062M3—’ 000F 16 ‘M38062M3—’ FFFCi, and FFFD4.. 
001046 Z 
/ j j DO7Fi¢ 
data D08016 data 
ROM 12158 bytes ROM 12158 bytes 
FFFDi¢ 
FFFE,, 
FFFFi¢ 
(1) Set the data in the unused area (the shaded area Address Address 
of the diagram) to “FF ,”. 0000:., 000816 ee 2 Da 
(2) The ASCII codes of the product name “M38062M3—” 000146 0009;¢ F Fig 
must be entered in addresses 0000i¢ to 00086. 000216 000Ai6 F Fig 
The ASCII codes and addresses are listed to the 0003,, ['0'=3 O16; O00Bi6 : F F 46 
right in hexadecimal notation. 0004.6 LU 6’ =3 646) O000Ci, F F i6| 
000515 |'2’=32%5| 000Di¢ F Fi¢ 
00061, |‘M’=4Dyi6| 000E;6 ae 
000716 |'3’=3 346) 000Fig mae 
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MITSUBISHI ELECTRIC 


We recommend the use of the following pseudo-command to set the start address of the assembler source 
program. 


EPROM type 27256 27512 


* =A$8000 *=4$0000 
BBYTEA ‘M38062M3—’ BYTEA ‘M38062M3—’ 


Note - If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. 





The pseudo-command 








* 2. Mark specification 
Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropri- 
ate mark specification form (80P6N for M38062M3-XXXFP, 80P6S for M38062M3-XXXGP) and attach it to the 
mask ROM confirmation form. 


* 3. Delivery standard 
Choose the format of the specifications for the product to be delivered. 
(1) Specifications for each ROM 


[] ROM code list unnecessary (standard). 


[] ROM code list necessary. 
Note that each format has the same scope of guarantee. Therefore, the standard format is recommended. 


* 4. Usage conditions 
Please answer the following questions about usage for use in our product inspection - 
(1) How will you use the Xiy-Xour oscillator ? 


[] Ceramic resonator [] Quartz crystal 


[1 External clock input [] Other ( ) 


At what frequency ? (Xn = f MHz 


(2) In which operation mode will you use your microcomputer ? 
L] Single-chip mode [] Memory expansion mode 


L] Microprocessor mode 


* 5. Comments 
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SERIES MELPS 740 MASK ROM CONFIRMATION FORM 


SINGLE-CHIP MICROCOMPUTER M38063M6-XXXFP/GP <4 
MITSUBISHI ELECTRIC Section head} Supervisor 


signature signature 


Note : Please fill in all items marked. 














Submitted by| Supervisor | 
Company y p 
name > 





* | Customer 








Issuance 
signature 


Date 


issued 


x 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three EPROMs are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based on 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs. 


Microcomputer name : L] MS38063M6-XXXFP  [L] M88063M6-XXXGP 


Checksum code for entire EPROM fj i i (hexadecimal notation) 


EPROM type (indicate the type used) 
L] 27256 L] 27512 


EPROM address EPROM address 


In the address space of the microcomputer, the | 
internal ROM area is from address A080,. to 
Product name Product name 


een Decode FFFDig. The reset vector is stored in addresses 
‘M38063M6—’ ‘M38063M6—’ FFFCig and FFFDj.. 





ROM 24446 bytes 

















(1) Set the data in the unused area (the shaded area Address Address 
of the diagram) to “FF 4._”. 000016 0008i., 

(2) The ASCII codes of the product name “M38063M6—” 000146 000916 
must be entered in addresses 0000, to 0008i.. 0002:6 OO0Ai6 
The ASCII codes and addresses are listed to the 000316 O00Bi¢ 
right in hexadecimal notation. 000416 000Ci¢6 
0005;6 000Di¢6 

00066 OQO0E4., 

000716 O00Fi¢ 
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We recommend the use of the following pseudo-command to set the start address of the assembler source 


program. 
EPROM type 27256 27512 


*=A$8000 *=A$0000 
The pseudo-command 
BYTES ‘M38063M6—’ .BYTEA ‘M388063M6—’ 


Note - If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. 





* 2. Mark specification 
Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropri- 


ate mark specification form (80P6N for M38063M6-XXXFP, 80P6S for M38063M6-XXXGP) and attach it to the 
mask ROM confirmation form. 


* 3. Delivery standard 
Choose the format of the specifications for the product to be delivered. 
(1) Specifications for each ROM 


[1] ROM code list unnecessary (standard). 


[] ROM code list necessary. 


Note that each format has the same scope of guarantee. Therefore, the standard format is recommended. 


* 4. Usage conditions 
Please answer the following questions about usage for use in our product inspection : 
(1) How will you use the X;-Xour oscillator ? 


L] Ceramic resonator ~ Quartz crystal 


[1 External clock input [] Other ( ? 


At what frequency ? (Xin) = MHz 


(2) In which operation mode will you use your microcomputer ? 





L] Single-chip mode L] Memory expansion mode 


L] Microprocessor mode 


* 5. Comments 
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SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M38102M5-XXXSP/FP 
MITSUBISHI ELECTRIC 


Section head} Supervisor 
signature signature 








Note : Please fill in all items marked. 












Issuance 
signature 





Submitted by| Supervisor 
Company 
name 
* | Customer 
Date ' 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three EPROMS are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based on 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs. 


Microcomputer name : [1 M38102M5-xXXXSP [LJ] M88102M5-XXXFP 


Checksum code for entire EPROM coat ot ae (hexadecimal notation) 





EPROM type (indicate the type used) 















































27256 LI} 27512 In the address space of the microcomputer, the 
Ben Maddiers EPROM addiess internal ROM area is from address BO80,.6 to 
moped oe are ihe diag FFFDig. The reset vector is stored in addresses 
OOOF,, | _‘M38102M5—’ ‘M38102M5—’ FFFC,. and FFFD,, 7 
001046 RESMOD option 
001146 
307 Fie 
308016 
data 
7EFD,¢ | ROM 20350 bytes | 
7FFE16 
7FFFi6 
(1) Set the data in the unused area (the shaded area Address Address : 
of the diagram) to “FF 4.”. 00001. 0008i, |‘—' =2 Dig 
(2) The ASCII codes of the product name “M38102M5—” 000116 00096 F F 46 
must be entered in addresses 0000;¢ to 0008;4¢. 000246 - 000A46 FF 
The ASCII codes and addresses are listed to the 000316 000Bi¢ [FF us| 
right in hexadecimal notation. 000416 Q00Cig | OF Fie! 
000516 000Di¢ FF, 
000616 000E 16 PF Fas 
000716 OOOF;,, | _F Fig | 
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SINGLE-CHIP MICROCOMPUTER M38102M5-XXXSP/FP 
MITSUBISHI! ELECTRIC 


We recommend the use of the following pseudo-command to set the start address of the assembler source 
program. 
















EPROM type 
* =4$8000 * = 4$0000 
The pseudo-command 
.BYTES ‘M38102M5—’ .BYTES ‘M38102M5—’ 





Note : If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. 


*% 2. Option specification (write the option data also to the specified address of the EPROM) 


Reset mode switching option 


L] Normal operation start mode ovrrrtttetetee 
L] Low-speed operation start mode vires 0016 


We recommend the use of the following pseudo-command to set the start address of the assembler source 
program. 


Address 0010;¢ 





EPROM type 27256 








enews * =A$8010 * =A$0010 
e e option 
P BYTEA $xxX BYTEA $XX 


Note : If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. Write the data correctly. As for the option, if the contents of the confirmation and 
conflict with those of the EPROM, the contents of the EPROM are preferred. 


* 3. Mark specification 
Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropri- 
ate mark specification form (64P4B for M38102M5-XXXSP, 64P6N for M38102M5-XXXFP) and attach it to the 
mask ROM confirmation form. 


* 4. Delivery standard 
Choose the format of the specifications for the product to be delivered. 
(1) Specifications for each ROM 


[] ROM code list unnecessary (standard). 


[1] ROM code list necessary. 


Note that each format has the same scope of guarantee. Therefore, the standard format is recommended. 
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* 5. Usage conditions 
Please answer the following questions about usage for use in our product inspection : 
(1) How will you use the X;y-Xoyr oscillator ? 


[] Ceramic resonator L] Quartz crystal 


C] External clock input [] Other ( ) 


At what frequency ? (Xin) = Fs MHz 


(2) How will you use the Xcin-Xcour oscillator ? 
LJ] Ceramic resonator L] Quartz crystal 


[] External clock input [] Other ( ) 


At what frequency ? f(Xcin) = | | kHz 


* 6. Comments 
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SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | | 


SINGLE-CHIP MICROCOMPUTER M38103M6-XXXSP/FP 
MITSUBISHI ELECTRIC 








Section head; Supervisor 
signature signature 


Note : Please fill in all items marked. 


rey 


name 
* | Customer 
Date ; 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three EPROMs are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based on 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs. 








Issuance 
signature 


Microcomputer name :‘ [] M38103M6-xXXxXSP [] M38103M6-XXXFP 


Checksum code for entire EPROM | | [i] (hexadecimal notation) 


EPROM type (indicate the type used) 














































27256 Ly) 27512 In the address space of the microcomputer, the 
EPuOnsccies: Epo aaciess internal ROM area is from address A080;¢ to 
Bee a perce pane FFFD,,5. The reset vector is stored in addresses 
‘M38103M6—’ ‘M38103M6—’ FFFCig and FFFD4.. 
RESMOD option RESMOD option 
WA g Zo 
data data 
ROM 24446 bytes ROM 24446 bytes 
(1) Set the data in the unused area (the shaded area Address Address 
of the diagram) to “FFi,”. 0000;. 000816 2 D 46 
(2) The ASCII codes of the product name “M38103M6—” | 000146 000916 
must be entered in addresses 000015 to 00084¢. 000246 O00Ai6 
The ASCII codes and addresses are listed to the 000316 O00Bi¢ 
right in hexadecimal notation. 000416 000Ci¢ 
000516 000Di6 
000616 000E16 
000716 000F 16 
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We recommend the use of the following pseudo-command to set the start address of the assembler source 
program. 















EPROM type 2/512 
* =A$8000 * =4$0000 
The pseudo-command 
.BYTEA ‘M38103M6—’ .BYTEA ‘M38103M6—’ 








Note : If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. 


* 2. Option specification (write the option data also to the specified address of the EPROM) 


Reset mode switching option 


CL] Normal operation start mode ovrrrsteeereeees | O146 
[] Low-speed operation start mode sires | 0016 | 


We recommend the use of the following pseudo-command to set the start address of the assembler source 
program. 





Address 001 O16 


eer 


EPROM type 27256 27512 
* =A$8010 * =A$0010 
BYTEA $XX BYTEA $XX 


Note - If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. Write the data correctly. As for the option, if the contents of the confirmation and 
conflict with those of the EPROM, the contents of the EPROM are preferred. 


Reset mode option 











* 3. Mark specification 
Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropri- 
ate mark specification form (64P4B for M38103M6-XXXSP, 64P6N for M38103M6-XXXFP) and attach it to the 
mask ROM confirmation form. 


x 4. Delivery standard 
Choose.the format of the specifications for the product to be delivered. . 
(1) Specifications for each ROM 


[] ROM code list unnecessary (standard). 


[] ROM code list necessary. 


Note that each format has the same scope of guarantee. Therefore, the standard format is recommended. 
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SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | | 


SINGLE-CHIP MICROCOMPUTER M38103M6-XXXSP/FP 
MITSUBISHI ELECTRIC 


* 5. Usage conditions 
Please answer the following questions about usage for use in our product inspection : 
(1) How will you use the X;n-Xour oscillator ? 


[] Ceramic resonator CL] Quartz crystal 
[] External clock input C1 Other ( ) 


At what frequency ? (Xind= | MHz 


(2) How will you use the Xcin-Xcour oscillator ? 
[1 Ceramic resonator [] Quartz crystal 
[1] External clock input [11 Other ( ) 


At what frequency ? f(Xoin) = | kHz 


* 6. Comments 
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SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 
SINGLE-CHIP MICROCOMPUTER M38112M4-XXXSP/FP oo ae) 


MITSUBISHI ELECTRIC 











Note : Please fill in all items marked. 


Company Submitted by 


name 
* | Customer 





Issuance 
signature 


Date 


issued 


* 1. Confirmation 


Specify the name of the product being ordered and the type of EPROMs submitted. 

Three EPROMs are required for each pattern. 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based on 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs. 


Microcomputer name : [J) M38112M4-XxXxXSP [J] M38112M4-XXXFP 


Checksum code for entire EPROM 1 | | [| (hexadecimal notation) 


EPROM type (indicate the type used) 
OC 27256 [] 27512 


EPROM address EPROM address 


In the address space of the microcomputer, the 
internal ROM area is from address C080, to 
Product name Product name FFFDis. The reset vector is stored in addresses 


ASCH code ASCII code 
‘M38112M4—’ ‘M38112M4—’ FFFCi, and FFFD 4g. 


RESMOD option RESMOD option 





data data 
ROM 16254 bytes ROM 16254 bytes 
~~ 

Gi 
(1) Set the data in the unused area (the shaded area Address _ Address 
of the diagram) to “FF 4._”. 0000i. 00081, 
(2) The ASCII codes of the product name “M38112M4—” 000116 000946 
must be entered in addresses 0000; to 0008;¢. 000216 OO0Ai6 
The ASCII codes and addresses are listed to the 0003}¢ O00Bi¢ 
right in hexadecimal notation. ! 000416 000Ci¢, 
000516 000Di¢ 
00061. OOOEi. 
000716 OO0F 16 














= ¢ MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH03—49A< 03A0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M38112M4-XXXSP/FP 
MITSUBISHI ELECTRIC 


We recommend the use of the following pseudo-command to set the start address of the assembler source 
program. 


EPROM type 27256 27512 


* =4$8000 * = A$0000 
-BYTEA ‘M38112M4—’ BYTEA ‘M38112M4—’ 


Note : If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. 


The pseudo-command 





2. Option specification (write the option data also to the specified address of the EPROM) 


Reset mode switching option 


[] Normal operation start mode ovrtrrrertsreee 


Address 001016 


[] Low-speed operation start mode csv: | 0016 


We recommend the use of the following pseudo-command to set the start address of the assembler source 
program. 


EPROM type 27256 27512 








ae + =A$8010 * =A$0010 
ese e option 
P BYTEA $XX BYTEA $XX 


Note - If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. Write the data correctly. As for the option, if the contents of the confirmation and 
conflict with those of the EPROM, the contents of the EPROM are preferred. 


* 3. Mark specification 
Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropri- 
ate mark specification form (64P4B for M38112M4-XXXSP, 64P6N for M38112M4-XXXFP) and attach it to the 
mask ROM confirmation form. ; 


* 4. Delivery standard 
Choose the format of the specifications for the product to be delivered. 
(1) Specifications for each ROM 


[] ROM code list unnecessary (standard). 


[] ROM code list necessary. 


Note that each format has the same scope of guarantee. Therefore, the standard format is recommended. 





MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 


GZZ—SH03—49A< 03A0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number} 


SINGLE-CHIP MICROCOMPUTER M38112M4-XXXSP/FP 
MITSUBISHI ELECTRIC 


* 5. Usage conditions 
Please answer the following questions about usage for use in our product inspection :‘ 
(1) How will you use the X;y-Xoyr oscillator ? 





[] Ceramic resonator [1 Quartz crystal 
[] External clock input [J] Other ( ) 
At what frequency ?. {(Xin) = ij | MHz 





(2) How will you use the Xcin-Xcour oscillator ? 
[] Ceramic resonator [] Quartz crystal 


[] External clock input [J Other ( ) 





At what frequency ? f(Xoin) = | kHz 


* 6. Comments 





MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH03—74A< 09A1 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M38173M6-XXXFP 
MITSUBISHI ELECTRIC 








Section head! Supervisor 
signature signature 


Note : Please fill in all items marked. 


Canary Submitted by 


name 
* | Customer 
Date : 
issued 


Xx 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three EPROMs are required for each pattern. 
lf at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based on 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs. 


Checksum code for entire EPROM ri i i | (hexadecimal notation) 


EPROM type (indicate the type used) 


LU 27256 2752 In the address space of the microcomputer, the 


EPROM address EPROM ad . : 
cere internal ROM area is from address A0Q80i¢ to 
0000 e | spreduct name Product name FFFDi,g. The reset vector is stored in addresses 
ASCII code ASCII code 
O00F,,| 'M38173M6—" ‘M38173M6—’ FFFCi¢ and FFFD4¢. 


001016} RESMOD option RESMOD option 








Issuance 
signature 


wp LIE LLL 








20801, 
data data 
7FFDic ROM 24446 bytes ROM 24446 bytes 
7FFE16 
7FFF 46 LILLE 
(1) Set the data in the unused area (the shaded area Address Address 
of the diagram) to “FFi.,”. 000016 00084. 
(2) The ASCII codes of the product name “M38173M6—” 000146 000916 
must be entered in addresses 0000;, to 00084.. 00021, OO0Ai6 
The ASCII codes and addresses are listed to the 0003; 000Bi¢ 
right in hexadecimal notation. 00044, 000Ci¢6 
00051, 000Di¢ 
00061, OO0Ei¢ 
000716 OO0F 16 
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SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH03—74A< 09A1 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M38173M6-XXXFP 
MITSUBISHI ELECTRIC 


We recommend the use of the following pseudo-command to set the start address of the assembler source 


program. 









EPROM type 27256 27512 
* =4$8000 * =4$0000 
-BYTEA ‘M38173M6—’ BYTES ‘M38173M6—’ 


Note - If the name of the product written to the ERPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. 





The pseudo-command 











%* 2. Option specification (write the option data also to the specified address of the EPROM) 


Reset mode switching option 


[] Normal operation start mode —vrrtrereeeeeees 
[] Low-speed operation start mode str 


We recommend the use of the following pseudo-command to set the start address of the assembler source 
program. 


EPROM type 27256 27512 


een + =A$8010 * =A$0010 
eset mode option 
P BYTEA $XX BYTEA $XX 


Note - If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. Write the data correctly. As for the option, if the contents of the confirmation and 
conflict with those of the’ EPROM, the contents of the EPROM are preferred. 


Address 001046 










* 3. Mark specification 
Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropri- 
ate mark specification form (80P6N for M38173M6-XXXFP) and attach it to the mask ROM confirmation form. 


*x 4. Delivery standard 
Choose the format of the specifications for the product to be delivered. 
(1) Specifications for each ROM 


[] ROM code list unnecessary (standard) 


L] ROM code list necessary. 


Note that each format has the same scope of guarantee. Therefore, the standard format is recommended. 





MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 


GZZ—SH03—74A< 09A1 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M38173M6-XXXFP 
MITSUBISHI ELECTRIC 


* 5. Usage conditions 
Please answer the following questions about usage for use in our product inspection : 
(1) How will you use the Xin-Xout oscillator ? 


[] Ceramic resonator CJ Quartz crystal 
L] €xternal clock input [J Other ( ) 


At what frequency ? {(Xin) = f MHz 


(2) How will you use the Xcin-Xcour oscillator ? 
[|] Ceramic resonator L] Quartz crystal 


LJ €xternal clock input [] Other ( ) 


At what frequency ? (Xo) = f kHz 


* 6. Comments 
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MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH04—03A< 0YA0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M38174M8-XXXFP 
MITSUBISHI ELECTRIC Date: 


Section head! Supervisor 
signature signature 





Note : Please fill in all items marked 


Submitted by| Supervisor 


Company 


name 
* | Customer 
Date 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three EPROMs are required for each pattern. 
lf at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based on 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs. 


Checksum code for entire EPROM | | [ | (hexadecimal notation) 


EPROM type (indicate the type used) 


Lj] 27512 
EPROM address 






Issuance 
signature 








In the address space of the microcomputer, the 
internal ROM area is from address 8080, to 
Product name FFFD,.5. The reset vector is stored in addresses 
M38174M8—” FFFC1g and FFFDi.. 





RESMOD option 


data 
ROM 32638 bytes 
6 


LLL 














(1) Set the data in the unused area (the shaded area Address Address 
of the diagram) to “FFi6’. 000016 0008;., 

(2) The ASCII codes of the product name “M38174M8—” 000116 000946 
must be entered in addresses 0000;.¢ to 00086. 000216 O00Ai6 
The ASCII codes and addresses are listed to the 000316 O00Bi¢ 
right in hexadecimal notation. 000416 000Ci¢6 

! 000516 000Di¢ 
0006:. OO0Ei¢ 

000716 OO0F 16 
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SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH04—03A< OYA0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | | 


SINGLE-CHIP MICROCOMPUTER M38174M8-XXXFP 
MITSUBISHI ELECTRIC 


We recommend the use of the following pseudo-command to set the start address of the assembler source 
program. 


EPROM type 27256 27512 





* = 4$8000 * =4$0000 
The pseudo-command 
-BYTEA ‘M38174M8—’ .BYTES ‘M38174M8—’ 


Note : If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. 


Xx 2. Option specification (write the option data also to the specified address of the EPROM) 


Reset mode switching option 


[] Normal operation start mode ovrrvtereereeees 
[| Low-speed operation start mode sists 


We recommend the use of the following pseudo-command to set the start address of the assembler source 
program. 


EPROM type 27256 27512 
* =4$8010 * =4$0010 
.BYTEA $XX .BYTEA $XX 


Note . If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. Write the data correctly. As for the option, if the contents of the confirmation and 
conflict with those of the EPROM, the contents of the EPROM are preferred. 


Address 001016 










Reset mode option 


* 3. Mark specification . 
Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropri- 
ate mark specification form (80P6N for M38174M8-XXXFP) and attach it to the mask ROM confirmation form. 


* 4. Delivery standard 
Choose the format of the specifications for the product to be delivered. 
(1) Specifications for each ROM 


[1 ROM code list unnecessary (standard). 


[] ROM code list necessary. 


Note that each format has the same scope of guarantee. Therefore, the standard format is recommended. 
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MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 740 MASK ROM ORDERING METHOD 





GZZ—SH04—03A< OYAO > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM 


SINGLE-CHIP MICROCOMPUTER M38174M8-XXXFP 
MITSUBISHI ELECTRIC 


* 5. Usage conditions 
Please answer the following questions about usage for use in our product inspection : 
(1) How will you use the Xiy-Xour oscillator ? 


[] Ceramic resonator — [] Quartz crystal 


[] External clock input [] Other ( ) 


At what frequency ? (Xind= | | MHz 


(2) How will you use the Xcin-Xcour oscillator ? 


[] Ceramic resonator LJ Quartz crystal 


[] External clock input [J Other ( ) 


At what frequency ? (Xen) = | kHz 


* 6. Comments 





MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





MARK SPECIFICATION FORM 

The mark specification form varies depending on the pack- 
age type. Fill out the mark specification form for the pack- 
age being ordered, and submit the form with the mask 
ROM confirmation form. 
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MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





32P4B (32-PIN SHRINK DIP) MARK SPECIFICATION FORM 


Mitsubishi IC catalog name | | | | 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 





A. Standard Mitsubishi Mark 


Mitsubishi lot 
number (6-digit) 


Mitsubishi IC catalog name 





Note: The fonts and size of characters 


@Nripififipifirifpifipi rip i fifif)® --- Customer's parts number 
! 
| 
- are standard Mitsubishi type. 


———-- Mitsubishi IC catalog name 





Note1 : The mark field should be written right aligned. 
2: The fonts and size of characters are standard Mitsubishi type. 
3: Customer's parts number can be up to 16 characters : 
Only O~9, A~Z, +, —, 7%, (, ), & ©, . (period), and , (comma) are usable. 
4: If the Mitsubishi logo A is not required, check the box on the right. # Mitsubishi logo is not required 


C. Special Mark Required a 


PO rifpifirififi rim iri n ® 





OUUUUUUUOUUUUUOUUUU® 


Note1 : If the special mark is to be printed, indicate the desired layout of the mark in the upper figure. The layout will 
be duplicated as close as possible. Mitsubishi lot number (6-digit) and mask ROM number (3-digit) are al- 
ways marked. 

2:|f the customer’s trade mark logo must be used in the special mark, check the box below. Please submit a 
clean original of the logo. 
For the new special character fonts a clean font original (ideally logo drawing) must be submitted. 
Special logo required 


| 


The standard Mitsubishi font is used for all characters except for a logo. 
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MARK SPECIFICATION FORM 





42P4B (42-PIN SHRINK DIP) MARK SPECIFICATION FORM 


Mitsubishi IC catalog name | 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 








A. Standard Mitsubishi Mark 


@NOOOO OOOO OOOO OOOO @ 


Mitsubishi lot 
number (6-digit) 


7-~- Customer’s parts number 
_: Note:The fonts and size of characters 


are standard Mitsubishi type. 
—-—-— Mitsubishi IC catalog name 


Mitsubishi lot 
number (6-digit) 





Note1 : The mark field should be written right aligned. 
2: The fonts and size of characters are standard Mitsubishi type. 
3: Customer’s parts number can be up to 15 characters - 
Only 0~9, A~Z, +, —, 7, (, ), & ©, . (period), and , (comma) are usable. 
4: \f the Mitsubishi logo *% is not required, check the box on the right. #.Mitsubishi logo is not required 


C. Special Mark Required || 





Note1 : If the special mark is to be printed, indicate the desired layout of the mark in the upper figure. The layout will 
be duplicated as close as possible. Mitsubishi lot number (6-digit) and mask ROM number (3-digit) are al- 
ways marked. 

2:\f the customer’s trade mark logo must be used in the special mark, check the box below. Please submit a 
clean original of the logo. 
For the new special character fonts a clean font original (ideally logo drawing) must be submitted. 


Special logo required 
The standard Mitsubishi font is used for all characters except for a logo. 


¢ MITSUBISHI ges 
ELECTRIC 





MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





44P6N (44-PIN QFP) MARK SPECIFICATION FORM 


Mitsubishi IC catalog name | 


Piease choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 


A. Standard Mitsubishi Mark 


@ @ 
OHARA AAARGE 
We 
6) Lr (9) 
aoe Mitsubishi lot | |-= 
aes ae (ea 3 1+ —Mitsubishi IC catalog name 


3 22) : Note: The fonts and size of characters are standard 
= —- Mitsubishi type. 


__7—Mitsubishi IC catalog name and Mitsubishi lot number 


Note4 : If the Mitsubishi logo *& is not required, check 
the box below. 


a Mitsubishi logo is not required 
Note1 : The mark field should be written right aligned. LI 
2: The fonts and size of characters are standard 
Mitsubishi type. 
3: Customer's parts number can be up to 7 charac- 
ters - 
Only 0~9, A~Z, +, —, 7, (, ), & ©, . (period), 
and , (comma) are usable. 





Note1 : If the special mark is to be printed, indicate the 

C. Special Mark Required desired layout of the mark in the !eft figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 

2:\lf the customer’s trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 


mitted. 
Special logo required 


[| 


The standard Mitsubishi font is used for all char- 
acters except for a logo. 








6—60 9 MITSUBISHI 
ELECTRIC 
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MARK SPECIFICATION FORM | 





50P6 (50-PIN QFP) MARK SPECIFICATION FORM 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 


Mitsubishi IC catalog name 





B. Customer’s Parts Number + Mitsubishi 
Catalog Name 


r-—— Customer's parts number 
Note: The fonts and size of characters are standard 
Mitsubishi type. 
--—- Mitsubishi IC catalog name 





| 
! Note1 : The mark field should be written right aligned. 
: 2: The fonts and size of characters are standard 
| Mitsubishi type. 
cera f 3: Customer's parts number can be up to 9 charac- 
ters - 
Only 0~9, A~Z, +, -, 7, (, ), & ©, « (period), 
and , (comma) are usable. 
4:\f the Mitsubishi logo ®& is not required, check 
the box below. 
# Mitsubishi logo is not required 
C. Special Mark Required Note1 : If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
HAAG layout will be duplicated as close as possible. 
SSHHHHHAHHHAHHHH Mitsubishi lot number (6-digit) and mask ROM 
2 number (3-digit) are always marked. 
es ee mn a 
a — 2:\f the customer's trade mark logo must be used 
es = in the special mark, check the box below. 
es on wae i Please submit a clean original of the logo. 
<a nea For the new special character fonts a clean font 
nan ns a pL original (ideally logo drawing) must be sub- 
=a — mitted. 
a tr Special logo required 
© Wooo dooooe.. 
MOAOGOGOOtOAeOOA® | | 
UU UUUUU UU UU = 


The standard Mitsubishi font is used for all char- 
acters except for a logo. 





¢ MITSUBISHI 
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MARK SPECIFICATION FORM 





52P4B (52-PIN SHRINK DIP) MARK SPECIFICATION FORM 





Mitsubishi IC catalog name i | 








Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 


A. Standard Mitsubishi Mark 


@nqnnnnnnnnnnnnnnnnnnnnnAnnonn 2 


Mitsubishi lot number (6-digit) 


oO) JUUUUY @ 





B. Customer’s Parts Number ++ Mitsubishi Catalog Name 


@ ANNONA ANANAOAAAANANANAANANA & 





i- ~ Customer’s parts number 

J} | Note:The fonts and size of characters 
are standard Mitsubishi type. 

41 — -- Mitsubishi IC catalog name 


Note1 : The mark field should be written right aligned. 
2: The fonts and size of characters are standard Mitsubishi type. 
3: Customer's parts number can be up to 18 characters - 
Only 0~9, A~Z, +, —, %, (, ), & ©, . (period), and , (comma) are usable. 
4:\f the Mitsubishi logo & is not required, check the box on the right. # Mitsubishi logo is not required 


C. Special Mark Required 





Note1 : If the special mark is to be printed, indicate the desired layout of the mark in the upper figure The layout will 


be duplicated as close as possible. Mitsubishi lot number (6-digit) and mask ROM number (3-digit) are al- 
ways marked. 


2:If the customer’s trade mark logo must be used in the special mark, check the box below. Please submit a 
clean original of the logo. 


For thé new special character fonts a clean font original (ideally logo drawing) must be submitted. 
Special logo required 


The standard Mitsubishi font is used for all characters except for a logo. | | 
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MARK SPECIFICATION FORM 





56P6N (56-PIN QFP) MARK SPECIFICATION FORM 





Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 


Mitsubishi IC catalog name 








A. Standard Mitsubishi Mark 


Mitsubishi lot : 
number (6-digit) ~ Mitsubishi IC catalog name 





-~- Customer’s parts number 
| Note: The fonts and size of characters are standard 
| Mitsubishi type. 


- — Mitsubishi IC catalog name and Mitsubishi lot number 
y | 
fo: = Note4. If the Mitsubishi logo *& is not required, check 
the box below. 
a Mitsubishi logo is not required 


_ 





Note1 : The mark field should be written right aligned. 


2: The fonts and size of characters are standard 5: Arrangement of Mitsubishi |C catalog name and 
Mitsubishi type. Mitsubishi lot number is dependent on number 
3: Customer's parts number can be up to 11 char- of Mitsubishi IC catalog name and that Mitsu- 
acters - bishi logo * is required or not. 
Only 0~9, A~Z, +, —, 7, (, ), & ©, . (period), 
and , (comma) are usable. Note1 : If the special mark is to be printed, indicate the 


desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 

2:\f the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 

For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
~ mitted. 


C. Special Mark Required 


Special logo required 


bad 


The standard Mitsubishi font is used for all char- 
acters except for a logo. 
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MARK SPECIFICATION FORM 





60P6 (60-PIN QFP) MARK SPECIFICATION FORM 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 


mark (if needed). 


A. Standard Mitsubishi Mark 





@ 
© WUUUUL ® 


B. Customer's Parts Number + Mitsubishi 
Catalog Name 


C. Special Mark Required 


-, "MNNMNAANAAnAAAN” 


GD 


a 2 e os com 
oe ow | Mell enemas a) 
wee Be ee = 
Es © eo *” me 
ae ee oe we 
ue © © On om 
ones & 8 on Cm 
a Oe oo oe 
a — @ oc 
an we ee oem 
_ 2 o LED nal 
aD a 0 © 


Ld led Med fd cd Led Gd Sud Ld Dk Lt LY LD 





—-——Mitsubishi IC catalog name 


-—-—-Customer’s Parts Number 
Note: The fonts and size of characters are standard 


Mitsubishi type. 


--—-Mitsubishi IC catalog name 


Notet 


oe 


Note1 


: The mark field should be written right aligned. 
2: 


The fonts and size of characters are standard 
Mitsubishi type. 
Customer’s parts number can be up to 12 char- 
acters - 
Only O~9, A~Z, +, —, 7, (, ), & ©, . (period), 
and , (comma) are usable. | 
-If the Mitsubishi logo A is not required, check 
the box below. 

# Mitsubishi logo is not required 


|_| 


: If the Special Mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 

: If the customer’s trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 

For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 


|_| 


The standard Mitsubishi font is used for all char- 
acters except for a logo. 
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MARK SPECIFICATION FORM 





64P4B (64-PIN SHRINK DIP) MARK SPECIFICATION FORM 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi |C catalog name and the special 
mark (if needed). 


A. Standard Mitsubishi Mark 


@ NOONAN ONNNNANANNNNnANnAnA 3 


Mitsubishi lot 
number (6-digit) 


Mitsubishi |C catalog name 





@ VUOUDDOU UOT 0 | 
B. Customer’s Parts Number + Mitsubishi Catalog Name 


Note : The fonts and size 
of characters are 
standard Mitsubishi 


type. 
— — ~~~" Mitsubishi IC catalog name 


~~~ 7 Customer’s parts number 
| 
| 
| 
prey oe | 






Mitsubishi lot 


number (6-digit) 


@ BVOUUUUOOO UU 


Note1 : The mark field should be written right aligned. 
2: The fonts and size of characters are standard Mitsubishi type. 
3: Customer's parts number can be up to 19 characters : 


Only 0~9, A~Z, +, —, 7, (, ), & ©, . (period), and , (comma) are usable. 
4:\f the Mitsubishi logo * is not required, check the box on the right. # Mitsubishi logo is not required 
C. Special Mark Required = 


@ ROnNNAnnAnnnoOONnNnANnNONNnANNnnNnNnnnnAMNA 33 





Note1 : If the special mark is to be printed, indicate the desired layout of the mark in the upper figure The layout will 
be duplicated as close as possible. Mitsubishi lot number (6-digit) and mask ROM number (3-digit) are al- 
ways marked. 

2:\f the customer’s trade mark logo must be used in the special mark, check the box below. Please submit a 
clean original of the logo. 
For the new special character fonts a clean font original (ideally logo drawing) must be submitted. 
Special logo required 


The standard Mitsubishi font is used for all characters except for a logo. 





¢ MITSUBISHI _ 
ELECTRIC 





MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 


64P6N (64-PIN QFP) MARK SPECIFICATION FORM 


Mitsubishi IC catalog name L 





spaniel 





Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 


A. Standard Mitsubishi Mark 








Note1 : The mark field should be written right aligned. 


2: The fonts and size of characters are standard 


Mitsubishi type. (The character size became 
smaller than A (standard Mitsubishi mark) type) 


C. Special Mark Required 


6—66 





@HAARAHHRHEHHRE HY x33 
@ cH 
Cr aia 
or = 
hae aaa 
CO) aim 
@4 Y 


| 


| 
| 
| 
| 
| 


Seer ce r-- Customer's parts number 
B. Customer's Parts Number + Mitsubishi Catalog Name, 


Mitsubishi IC catalog name 


y 


Note:The fonts and size of characters are standard 


Mitsubishi type. 


r~ Mitsubishi |C catalog name 


| 
| 
| 


Note3 : Customer’s parts number can be up to 10 char- 


acters : 
Only O~9, A~Z, +, —, 7, (, ), & ©, « (period), 
and , (comma) are usable. 


:If the Mitsubishi logo ” is not required, check 


the box below. 
# Mitsubishi logo is not required 


| 


: Arrangement of Mitsubishi IC catalog name and 


Mitsubishi lot number is dependent on number 
of Mitsubishi IC catalog name and that Mitsu- 
bishi logo #« is required or not. 


Note1 : If the special mark is to be printed, indicate the 


desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked 
: If the customer’s trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 

For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 


bid 


The standard Mitsubishi font is used for all char- 
acters except for a logo. 


¢ MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





64P6S (64-PIN QFP) MARK SPECIFICATION FORM 


Mitsubishi |C catalog name | 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 





A. Standard Mitsubishi Mark 


Mitsubishi lot = foo Mitsubishi IC catalog name 
number (6-digit) : 





B. Customer’s Parts Number -+ Mitsubishi ---~~ Customer's Parts Number 
Catalog Name Note : The fonts and size of characters are standard 


Mitsubishi type. 





oe Mitsubishi 1C catalog name and Mitsubishi lot number 
=a 

{a5 ~~ | Note3 : Customer’s parts number can be up to 11 char- 
rr | acters : 

a Only 0~9, A~Z, +, —, 7, (, ), & ©, . (period), 

iisubighidar | — and , (comma) are usable. 
number (6-digit) [tfas5— ~~ 4:lf the Mitsubishi logo & is not required, check 

— the box below. 

49 # Mitsubishi logo is not required 

Note1 : The mark field should be written right aligned. Zz 


5: Arrangement of Mitsubishi IC catalog name and 
Mitsubishi lot number is dependent on number 
of Mitsubishi |C catalog name and that Mitsu- 
bishi logo “is required or not. 


2: The fonts and size of characters are standard 
Mitsubishi type. (The character size become 
smaller than A (standard Mitsubishi mark) type) 


C. Special Mark Required Note1 : If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 

2:\f the customer’s trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 

For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

OHHBHBRE ABBR UBB HEHE © Special logo required 


|_| 


The standard Mitsubishi font is used for all char- 
acters except for a logo. 








MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





64P6W (64-PIN QFP) MARK SPECIFICATION FORM 


Mitsubishi IC catalog name 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 





A. Standard Mitsubishi Mark 


Mitsubishi IC catalog name 


Mitsubishi lot 
number (6-digit) 





B. Customer's Parts Number + Mitsubishi Catalog Name 


----~- Customer's parts number 
| Note: The fonts and size of characters are standard 


| Mitsubishi type. 
| j-~ Mitsubishi IC catalog name 





| 
Notes: 


Note1 : The mark field should be written right aligned. 
2: The fonts and size of characters are standard 


Mitsubishi type. 


C. Special Mark Required 


Ee) 


es 


Note1: 


= 


Customer’s parts number can be up to 12 char- 
acters - 

Only O~9, A~Z, +, —, %, (, ), & ©, - (period), 
and , (comma) are usable. 


-If the Mitsubishi logo ” is not required, check 


the box below. 
# Mitsubishi logo is not required 


|_| 


If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 


: If the customer’s trade mark logo must be used 


in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 


oe 


The standard Mitsubishi font is used for all char- 
acters except for a logo. 
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MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





72P6 (72-PIN QFP) MARK SPECIFICATION FORM 


Mitsubishi IC catalog name | | 


A, B, C), and enter the Mitsubishi IC catalog name and the special 


Please choose one of the marking types below ( 
mark (if needed). 


A. Standard Mitsubishi Mark 









— Mitsubishi lot = 
— number (6-digit) | Fax 
@ @) 


B. Customer’s Parts Number + Mitsubishi 
Catalog Name 


Mitsubishi lot 
number (6-digit) 





c 
| 
| 
| 
| 
| 
| 
| 
| 


Mitsubishi IC catalog name 


~~~ Customer’s parts number 
Note: The fonts and size of characters are standard 


Mitsubishi type. 
>-—— Mitsubishi IC catalog name 


Note1 : 
2: 


Note1: 


The mark field should be written right aligned. 
The fonts and size of characters are standard 
Mitsubishi type. 


: Customer’s Parts Number can be up to 12 char- 


acters : 
Only O~9, A~Z, +, —, 7, (, ), & ©, . (period), 
and , (comma) are. usable. 


:If the Mitsubishi logo ®& is not required, check 


the box below. 
# Mitsubishi logo is not required 


|_| 


If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 


- If the customer’s trade mark logo must be used 


in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 


|_| 


The standard Mitsubishi font is used for all char- 
acters except for a logo. 





are ES 


MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





80P6 (80-PIN QFP) MARK SPECIFICATION FORM 


Mitsubishi IC catalog name 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 


A. Standard Mitsubishi Mark 


@ y 
of 








= 


Mitsubishi lot | 
number (6-digit) = 


= 


| 
| 
| 
| 


Note1 : The mark field should be written right aligned. 
2.The fonts and size of characters are standard 
Mitsubishi type. 


C. Special Mark Required 


J 


SONNNAARAARDADOAAARAAADAA® 
EE 





Mitsubishi IC catalog name 


Note : The 


(--—- Customer’s parts number 


fonts and size of characters are standard 


Mitsubishi type. 


Notes : 


Note1: 


+ -- Mitsubishi IC catalog name 


Customer’s parts number can be up to 14 char- 
acters - 

Only O~9, A~Z, +, —, 7%, (, ), & ©, « (period), 
and , (comma) are usable. 


-If the Mitsubishi logo ® is not required, check 


the box below. 
# Mitsubishi logo is not required 


|_| 


If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 


:If the customer's trade mark logo must be used 


in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 


= 


The standard Mitsubishi font is used for all char- 
acters except for a logo. 


9 MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





SOP6N (80-PIN QFP) MARK SPECIFICATION FORM 


Mitsubishi IC catalog name 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 





A. Standard Mitsubishi Mark 


Mitsubishi IC catalog name 





-—--—- Customer’s parts number 
Note: The fonts and size of characters are standard 
Mitsubishi type. 
—-—-DMitsubishi IC catalog name 





Mitsubrsht lot 
number (6-digit) 


Note3: 


Note1 : The mark field should be written right aligned 
2: The fonts and size of characters are standard 


Mitsubishi type. 


C. Special Mark Required 


Note1 : 


Customer’s parts number can be up to 14 char- 
acters - 

Only O~9, A~Z, +, —, 7, (, ), & ©, . (period), 
and , (comma) are usable. 


-If the Mitsubishi logo * is not required, check 


the box below. 
# Mitsubishi logo is not required 


|_| 


If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 


: If the customer's trade mark logo must be used 


in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 


Ei 


The standard Mitsubishi font is used for all char- 
acters except for a logo. 





y MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





80P6S (80-PIN QFP) MARK SPECIFICATION FORM 


Mitsubishi IC catalog name | 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 


A. Standard Mitsubishi Mark 


B. Customer's Parts Number + Mitsubishi i 
Catalog Name 








| 
| 


Mitsubishi lot 
number (6-digit) 


Note1 : The mark field should be written right aligned. 


6—72 


2: The fonts and size of characters are standard 


Mitsubishi type. (The character size become 
smaller than A (standard Mitsubishi mark) type) 








17 — ~ Mitsubishi |C catalog name . 


—-— — Customer's parts number 
Note: The fonts and size of characters are standard 


Mitsubishi type. 


Notes : 


Note1: 


-~— — Mitsubishi 1C catalog name 


Customer's parts number can be up to 10 char- 
acters - 

Only 0~9, A~Z, +, —, 7%, (, ), & ©, . (period), 
and , (comma) are usable. 


-If the Mitsubishi logo A is not required, check 


the box below. 
# Mitsubishi logo is not required 


[| 


: Arrangement of Mitsubishi IC catalog name and 


Mitsubishi lot number is dependent on number 
of Mitsubishi IC catalog name and that Mitsu- 
bishi logo Ais required or not. 


If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 


: If the customer’s trade mark logo must be used 


in the special mark, check the box below. 
Please submit a clean original of the logo. 

For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 


mitted. 


Special logo required | | 


The standard Mitsubishi font is used for all char- 
acters except for a logo. 


¢ MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





84P0 (84-PIN PLCC) MARK SPECIFICATION FORM 


Mitsubishi IC catalog name | 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 


A. Standard Mitsubishi Mark 


¢— — — — ——-—-—-— Mitsubishi IC catalog name 





Mitsubishi lot L 
number (6-digit) ‘ 
OPp@ 
r-—--Customer’s parts number 
B. Customer’s Parts Number ++ Mitsubishi Catalog Name! Note: The fonts and size of characters are standard 
De @® | Mitsubishi type. 


| 
| > -Mitsubishi IC catalog name 

| 
: | Note3: Customer’s parts number can be up to 16 char- 


oy, acters : 
| Only 0~9, A~Z, +, —, 7, (, ), & ©, . (period), 
and , (comma) are usable. 
—~—-— —-—--—-—4 4:lf the Mitsubishi logo ® is not required, check 


Mitsubishi lot P the box below. 
number (6-digit) : # Mitsubishi logo is not required 


[| 


5: Arrangement of Mitsubishi IC catalog name and 
Mitsubishi lot number is dependent on number 
of Mitsubishi IC catalog name and that Mitsu- 
bishi logo * is required or not. 





Note1 : The mark field should be written right aligned. 
2: The fonts and size of characters are standard 
Mitsubishi type. (The character size become 
smaller than A (standard Mitsubishi mark) type) Note1 : If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 


layout will be duplicated as close as possible. 

w Oe © Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 

2: \f the customer’s trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 

For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 


C. Special Mark Required 


Special logo required 


* 


The standard Mitsubishi font is used for all char- 
acters except for a logo. 
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MARK SPECIFICATION FORM 





100P6S (100-PIN QFP) MARK SPECIFICATION FORM 








Mitsubishi IC catalog name L | 





Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 


mark (if needed). 


A. Standard Mitsubishi Mark 










G0) 67) 
Pe art 
RT RRIDUUETSUSURTLUUEOILOGECURODEEELEDN 
@) or: EB 
= c == —--— —- Mitsubishi IC catalog name 
= Mitsubishi lot a= 
=== number (6-digit) aaa 
@=a E=@ 








S 
HE 
kes) 












Mitsubishi lot 
number (6-digit) 





Note1 : The mark field should be written right aligned. 
2:The fonts and size of characters are standard 
Mitsubishi type. 
C. Special Mark Required 








— ——-Customer’s parts number 


Note: The fonts and size of characters are standard 
Mitsubishi type. 
--~ Mitsubishi IC catalog name 
| 


Notes: 


Note: 


Customer's parts number can be up to 14 char- 
acters - 

Only 0~9, A~Z, +, —, 7, (, ), & ©, « (period), 
and , (comma) are usable. 


-If the Mitsubishi logo A is not required, check 


the box below. 
a Mitsubishi logo is not required 


|_| 


If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 


: If the customer's trade mark logo must be used 


in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 


|| 


The standard Mitsubishi font is used for all char- 
acters except for a logo. 
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CONTACT ADDRESSES FOR FURTHER INFORMATION 





JAPAN 
Semiconductor Marketing Division 
Mitsubishi Electric Corporation 
2-3, Marunouchi 2-chome 
Chiyoda-ku, Tokyo 100, Japan 
Telex 24532 MELCO J 
Telephone (03) 3218-3473 

(03) 3218-3499 
Facsimile (03) 3214-5570 


Overseas Marketing Manager 
Kita-Itami Works 

4-1, Mizuhara, Itami-shi, 
Hyogo-ken 664, Japan 

Telex 526408 KMELCO J 
Telephone (0727) 82-5131 
Facsimile (0727) 72-2329 


HONG KONG 

Mitsubishi Electric (H K ) Ltd 

41st fl, Manulife Tower, 169, 

Electric Road, North Point, Hong Kong 

Telex 60800 MELCO HX 

Telephone 510-0555 

Facsimile 510-9830, 510-9822, 
510-9803 





SINGAPORE 
MELCO SALES SINGAPORE PTE, 
LTD 

307 Alexandra Road #05-01/02 
Mitsubishi Electric Building 

Singapore 0315 

Telex RS 20845 MELCO 
Telephone 4732308 

Facsimile 4738944 








TAIWAN 
MELCO-TAIWAN CO, Ltd 
1st fl, Chung-Ling Bidg , 

363, Sec 2, Fu-Hsing S Road, 
Taiper ROC 

Telephone. (02) 735-3030 
Facsimile (02) 735-6771 














Telex 25433 CHURYO “MELCO- 
TAIWAN” 

U.S.A. 

NORTHWEST 


Mitsubishi Electronics America, Inc 
1050 East Arques Avenue 
Sunnyvale, CA 94086 

Telephone (408) 730-5900 
Facsimile (408) 730-4972 


SAN DIEGO 

Mitsubishi Electronics America, Inc 
16980 Via Tazon, Suite 220 

San Diego, CA 92128 

Telephone (619) 451-9618 
Facsimile (619) 592-0242 


DENVER 

Mitsubishi Electronics America, Inc 
4600 South Ulster Street 
Metropoint Building, 7th Floor 
Denver, CO 80237 

Telephone (303) 740-6775 
Facsimile (303) 694-0613 


SOUTHWEST 

Mitsubishi Electronics America, Inc 
991 Knox Street 

Torrance, CA 90502 

Telephone (213) 515-3993 
Facsimile’ (213) 217-5781 


SOUTH CENTRAL 

Mitsubishi Electronics America, Inc 
1501 Luna Road, Suite 124 
Carrollton, TX 75006 

Telephone (214) 484-1919 
Facsimile’ (214) 243-0207 


NORTHERN 

Mitsubishi Electronics America, Inc 
15612 Highway 7 #243 
Minnetonka, MN 55345 

Telephone (612) 938-7779 
Facsimile (612) 938-5125 


NORTH CENTRAL 

Mitsubishi Electronics America, 
800 N Bierman Circle 

Mt Prospect, IL 60056 
Telephone (312) 298-9223 
Facsimile (312) 298-0567 


nc 


NORTHEAST 

Mitsubishi Electronics America, Inc 
200 Unicorn Park Drive 

Woburn, MA 01801 

Telephone (617) 932-5700 
Facsimile (617) 938-1075 


MID-ATLANTIC 

Mitsubishi Electronics America, Inc 
800 Cottontail Lane 

Somerset, NJ 08873 

Telephone (201) 469-8833 
Facsimile (201) 469-1909 


SOUTH ATLANTIC 

Mitsubishi Electronics America, Inc 
2500 Gateway Center Blvd , Suite 300 
Morrisville NC 27560 

Telephone (404) 368-4850 
Facsimile: (404) 662-5208 


SOUTHEAST 

Mitsubishi Electronics America, Inc 
Town Executive Center 

6100 Glades Road #210 

Boca Raton, FL 33433 

Telephone (407) 487-7747 
Facsimile’ (407) 487-2046 


CANADA 

Mitsubishi Electronics America, Inc 
6185 Ordan Drive, Unit #110 
Mississauga, Ontario, Canada L5T 2E1 
Telephone. (416) 670-8711 

Facsimile (416) 670-8715 


Mitsubishi Electronics America, Inc 
300 March Road, Suite 302 
Kanata, Ontario, Canada K2K 2E2 
Telephone (416) 670-8711 
Facsimile (416) 670-8715 


Mitsubishi Electric Europe GmbH 
Headquarters 

Gothear Str 8 

4030 Ratingen 1, Germany 

Telex 8585070 MED D 
Telephone: (02102) 4860 
Facsimile (02102) 486-115 


Munich Office 
ArabellastraRe 31 

8000 Munchen 81, Germany 
Telex 5214820 
Telephone (089) 919006-09 
Facsimile (089) 9101399 


Mitsubishi Electric Europe GmbH 
55, Avenue de Colmar 

92563 Rueil Malmaison Cedex 
Telex: 632326 

Telephone 47087871 

Facsimile 47513622 


ITALY 

Mitsubishi Electric Europe GmbH 
Centro Direzionale Colleoni 
Palazzo Cassiopea 1 

20041 Agrate Brianza I-Milano 
Telephone (039) 636011 
Facsimile (039) 6360120 





SWEDEN 
Mitsubishi Electric Europe GmbH 
Lastbilsvagen 6B 

5-19149 Sollentuna, Sweden 
Telex 10877 (meab S) 
Telephone (08) 960468 
Facsimile (08) 966877 








U.K. 
Mitsubishi Electric (U K ) Ltd 
Travellers Lane 

Hatfield 

Herts AL10 8XB, England, U K 
Telephone (0044) 7072 76100 
Facsimile (0044) 7072 78692 








AUSTRALIA 
Mitsubishi Electric Australia Pty Ltd 
348 Victoria Road 

Rydalmere Nsw 2116, Australia 

Private Bag No 2 Rydalmere Nsw 2116 
Telex MESYDAA 126614 
Telephone (02) 684-7200 

Facsimile (02) 638-7072 
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